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PREFACE 


The aim in writing this book has been to give data, details and tables for the design and 
construction of steel bridges and buildings. The book is written for the structural engineer and 
for the student or engineer who has had a thorough course in applied mechanics and the calcu- 
lation of stresses in structures. To this end data and tables that will be of service to the designing 
and constructing engineer have been given, rather than predigested data and designs that might 
be used by the untrained. The book is intended as a working manual for the engineer, draftsman 
and student and covers data, details and tables for the design of the structures ordinarily met 
with. Swing and movable bridges, cantilever and suspension bridges require special treatment 
and have not been considered. As the book is intended to supplement the present books on 
stresses the calculation of stresses in bridges and buildings has been only briefly considered. 
The calculation of stresses in retaining walls, bins, stand-pipes, and other structures not ordinarily 
covered in text-books on stresses have been given in compact form. Great care has been used 
to give examples of structures that represent standard practice. With a few exceptions the draw- 
ings of details of structures have been especially prepared for this book from actual working plans. 
The book is a source b(K)k and is not a treatise, and is intended to furnish data and details that 
arc available only to a few engineers; and standard specifications for materialsand workmanship 
that are available only in transactions of societies and in special treatises. 

The tables giving properties of columns, top chords, plate girders and struts have been cal- 
culated especially for this book, and arc original in material and arrangement. In calculating 
the tables only those sections which comply with standard specifications have been given. The 
tables have been calculated by the use of calculating machines and have been checked wdth great 
care. The values will be found to be correct to one unit in the last place given. Properties of 
Carnegie and Bethlehem sections arc given in a compact form for easy reference. The tangents 
of the angle of the axis giving the least radius of gyration, given in the tables giving properties 
of Carnegie angles, were taken from Cambria Steel. With the exception of a few special I beams 
and channels the tables may be used for Cambria, Pencoyd and Jones & Laughlin angles, I beams 
and channels. The American Bridge Company standards for eye-bars, loop-bars, clevises, pins, 
and other structural details arc given. Tables of logarithms, function of angles and tables that 
are easily available have not been included. 

The size of the book and the size of the type page were selected for the reasons that they give 
a book of standard size with a type page large enough so that each table can come squarely on one 
page, and large enough so that complete plans of structures can be given. A large clear type was 
selected for both the text and for the tables. The paper has been selected with the idea of clear- 
ness of the printed page. 

This book is a result of many years' work, during which time the author has written four 
books on structural engineering. In writing this book the author has drawn on his other books, 
although much of the material given on steel mill buildings and highway bridges is new, and the 
Structural Engineers’ Handbook supplements the author’s other books. 

Data and details have been obtained from many sources, to which credit has been given in 
the body of the book. The author is under special obligation to many engineers, to which special 
acknowledgment cannot be made on account of lack ol space. 
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PREFACE 


la vriting this book the author has been assisted by several of his former students. Credit 
is due to Mr. I. C. Crawford, Instructor in Civil Engineering, for assistance in calculating tables 
and reading proof ; to Mr. C. S. Sperry, Instructor in Engineering Mathematics, for assistance in 
calculating tables; to Professor H. C. Ford, of Iowa State College, and Mr. T. A. Blair, Instructor 
in Civil Engineering, for assistance in preparing the drawings; and especially to Mr. VV. C. Hunt- 
ington, Assistant Professor of Civil Engineering, for assistance in arranging and calculating tables, 
reading proof and assistance in other ways. 

The author will appreciate notices of errors and suggestions for the improveinenl of future 
editions. 


Boulder, Colorado. 
August 23, 1914. 


M. S. K 


PREFACE TO SECOND EDITION 


In this edition details of steel windows and doors, data on cement and gypsum tile roofs, 
solutions for bending moments in mill building columns and stresses in stilT frames have been added 
to Chapter I, and Chapter III, Steel Highway Bridges, has been rewritten and enlarged. All 
Known errors have been corrected. Duties required of the author as Assistant Director in Charge 
of Construction of the U. S. Government Explosives Plant, Nitro, West Virginia, have made it 
impossible to complete a more thorough revision that was planned. 

M. S. K. 

U. S. Government Explosives Plant “C,** 

Nitro, West Virginia, 

May 12, 1918. 

PREFACE TO THIRD EDITION 


In this edition the book has been revised and partially rewritten, and more than 130 pages 
of new material has been added. The most important additions are Chapter XIa, “ Design of 
Self-supporting Steel Stacks,” the American Bridge Company’s standards for ” Constant Dimen- 
sion Steel Columns ” and ” Steel Column Footings,” and the American institute of Steel Con- 
struction, ” Specifications for Structural Steel for Buildings.” Other important additions and 
revisions are: Revised specifications for steel frame buildings and steel highway bridges; A.R.E.A., 
1920, “General Specifications for Steel Railway Bridges”; revised A.S.T.M. specifications for 
engineering materials; A.R.E.A., 1923, “ Specifications for the Erection of Steel Railway Bridges 
A.R.E.A. “Specifications for Concrete, Plain and Reinforced ”; additional data on steel mill 
buildings, steel office buildings, steel and timber highVay bridges, steel railway bridges, and 
retaining walls; stresses in stiff frames and in eccentric riveted connections. 

T^e tables in Part II have been revised to comply with the new standards adopted by the 
Association of American Steel Manufacturers, and data and details of the latest standard Carnegie 
and Bethlehem sections have been provided. New data for electric traveling cranes, and tables 
for the calculation of the stresses in eccentric riveted connections are given. By permission of 
the American Bridge Company the details and properties of “ Constant Dimension Steel Columns “ 
and “ Steel Column Footings,” covering 29 pages, are given in Part II. 

The Author wishes to acknowledge the appreciation with which former editions have been 
received by teachers, students and engineers. 

M. S. K. 

UsBANAf Illinois, 

July I, 1924. 
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STRUCTURAL ENGINEERS’ HANDBOOK 


Introduction. — The book is divided into two parts which are self contained. Part I includes 
a discussion of the design of structures and gives data and details for the design of steel bridges 
and buildings. Part IJ contains tables for structural design and includes tables giving the proper- 
ties of rolled sections, properties of built-up sections for chords, columns, struts, plate girders, 
etc., and data for standard structural details. 


PART I. 

Data and Details for the Design and Construction of Steel Bridges 

AND Buildings. 

Introduction. — The discussion in Part I has been limited to steel bridges and buildings and 
other simple steel structures; no reference being made to swing and movable bridges, cantilever 
and suspension bridges. The design of a bridge includes the design of the substructure as well as 
the superstructure, so that the design of retaining walls and bridge abutments has been briefly 
discussed. Timber trestles and bridges are required for temporary structures and for the erection 
of steel structures, and a brief discussion of timber trestles and bridges is therefore properly 
included. 

The design of a structure requires not only a knowledge of the properties of materials and the 
ability to calculate the stresses, but also a knowledge of local conditions and requirements, of 
economic design, of details of construction, of methods of erection, methods of fabrication and 
their effect on cost, and of many other matters which limit the design. The most economical 
structure for any given conditions is the one which will give the greatest service for the least 
money, quality of service and the life of the structure being given proper consideration. Financial 
limitations often limit the design and the problem then is to design a structure that will give 
satisfactory service with the money available. 

To design a satisfactory structure when limited by financial considerations is a problem that 
requires the exercise of the highest possible skill on the part of the engineer. He must be able to 
select an economical type of structure; he must make an accurate estimate of the loads to be carried 
by the structure; he must be able to calculate the stresses with accuracy; he must make the de- 
tailed design with due reference to ease of obtaining the material, the cost of shop work, and the 
cost of erection. 

The shop cost of steel structufes varies with the type of structure, the size and weight of the 
members and upon the make-up of the members and the details. By using fewer and larger mem- 
bers, by using rolled beams and columns in the place of built-up plate girders and columns, and by 
using tie plates in the place of lacing, the shop cost per pound of a railroad bridge may be materially 
reduced. If the simplification of the design is carried too far the reduction in shop cost will result 
in a material increase in the weight of the bridge, and in an increase in the cost of the bridge, 
with a decrease in efficiency. The details of the design of a structure should be worked out with 
reference to ease and economy of erection as well as ease and low cost of fabrication. While the 
standardizing of connections so that multiple punches may be used may result in a considerable 
a I 
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8aving in shop cost* it often results in a material increase in the weight of the details of the stnic* 
ture, and in the number of field rivets, so that the efficiency of the structure is not increased, 
and the final cost of the structure is not reduced. The author has in mind a case where to change 
the details of a plate girder so that multiple punches might be used required the addition of details 
equal to 5 per cent of the weight of the span and the addition of 25 per cent to the number of field 
rivets, with no increase in efficiency. 

The best results are obtained when the structural engineer prepares carefully worked out 
detail drawings (not shop drawings) in which the efficiency of the structure, ease of fabrication 
and ease of erection are given due consideration. The shop drawings may then be prepared by 
the bridge company to take the greatest possible advantage of improved shop methods without 
decreasing the efficiency of the structure, or increasing the total weight, or increasing the cost of 
erection. 

Part I is divided into seventeen chapters, of which the first eleven chapters cover different 
types of structures, and the last six chapters cover subjects which apply to all types of steel con- 
struction. While the aim has been to present the largest possible amount of information in the 
limited space, each subject presented is discussed briefly in a logical order. 

While the author has drawn on his other books in the various chapters, the reader will find 
much new material on the subjects covered in the other books, especially in Chapter I, Steel Roof 
Trusses and Mill Buildings, and Chapter III, Steel Highway Bridges, so that this book supple- 
ments the author’s other books on structures. Each chapter is self-contained, the illustrations 
and tables being numbered independently of the other chapters. As far as possible the different 
subjects are discussed fully in each chapter, thus reducing cross-references. The most of the 
cross-referencing is made through the index, which together with the table of contents will be 
found invaluable to the reader. 



CHAPTER I. 

Steel Roof Trusses and Mill Buildings. 


Definitions. — The following definitions will assist the reader in a study of roof trusses and 
steel frame buildings. 

Truss. — A truss is a framed structure in which the members are so arranged and fastened 
at their ends that external loads applied at the joints of the truss will cause only direct stresses 
in the members. In its simplest form a truss is a triangle or a combination of triangles. In this 
chapter it will be assumed (i) that the structure is not constrained by the reactions, (2) that the 
axes of the members meet in a common point at the joints, and (3) that the joints have friction- 
less hinges. 

Transverse Bent — A transverse bent consists of a truss supported at the ends on columns 
and braced against longitudinal movement by knee braces attached to the lower chord of the 
truss and to the columns. 

Purlin. — A beam that rests on the top chords of roof trusses and supports the sheathing 
that carries the roof covering, or supports the roof covering directly, or supports rafters. 

Rafter. — A beam that rests on the purlins and supports the sheathing, or may support sub- 
purlins. Rafters are not commonly used in mill buildings. 

Sub-purlin. — A secondary system of purlins that rest on the rafters and are spaced so as to 
support the tile or slate covering directly without the use of sheathing. 

Sheathing. — A covering of boards or reinforced concrete that is carried on the purlins or 
rafters to furnish a support for the roof covering. 

Girt — A beam that is fastened to the columns to support the side covering either directly 
or to support the side sheathing. 

Monitor Ventilator. — A framework at the top of the roof that carries fixed or movable louvres, 
or sash in the clerestory. 

Clerestory. — The clear opening in the side framework of a monitor ventilator of a building, 
also the clear opening on the side of a building. 

Louvres. — Slats made of metal or wood which are placed in the clerestory of a monitor 
ventilator to keep out the storm. Louvres may be fixed or movable. The opening of a monitor 
ventilator is also called a louvre. 

Panel. — ^The distance between two joints in a roof truss or the distance between purlins. 

Bay .-^The distance between two trusses or transverse bents. 

Pitch. — ^The pitch of a truss is the center height of the truss divided by the span where the 
truss is symmetrical about the center line. 

Other terms are defined when they are first used. 


Data for the Design of Roof Trusses and Steel Frame Build: 
Weight of Roof Trusses. — The weight of roof trusses varies with the s] 
between trusses, the load carried or capacity of the truss, and the pitch. 

The empirical formula 

45 V I VAf 

where 

S 


LDgli^ 

paH 


distance 


(I) 
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W »» weight of steel roof truss in pounds; 

P = capacity of truss in pounds per square foot of horizontal projection of roof (30 to 80 lb.): 

A = distance center to center of trusses in feet (8 to 30 ft.); 

L = span of truss in feet; 

was deduced by the author from the computed and shipping weights of mill building trusses of 
the Fink type. 

Weight of Purlins, Girts, Bracing, and Columns. — Steel purlins will weigh from li to 4 
per sq. ft. of area covered, depending upon the spacing and the capacity of the trusses and the 
snow load; Girts and window framing will weigh from li to 3 Ih. per sq. ft. of net surface. Brac- 
ing is quite a variable quantity. The bracing in the planes of the upper and lower chords will 
vary from i to i lb. per sq. ft. of area. The side and end bracing" eave struts and columns will 
weigh about the same per sq. ft. of surface as the trusses. 

Weight of Roof Covering. — The weight of corrugated iron or steel covering varies from 
li to 3 lb. per sq. ft. of area. The weight of corrugated steel is given in Table I. The approxi- 
mate weight per square foot of various roof coverings is given in the following table: 


Corrugated steel, without sheathing i to 3 lb. 

Felt and asphalt, without sheathing 2 

Tar and Gravel Roofing, without sheathing 8 to 10 

Slate, A in. to i in., without sheathing 7 to 9 

Tin, without sheathing I to ij 

Skylight glass, A in. to ^ in., including frames 4 to 10 

White pine sheathing i in. thick 3 

Yellow pine sheathing i in, thick 4 

Tiles, flat 15 to 20 “ 

Tiles, corrugated 8 to 10 “ 

Tiles, on concrete slabs 3^ to 35 

Plastered ceiling lo “ 


The actual weight of roof coverings should be calculated if possible. 

Snow Loads. — The annual snowfall in different localities is a function of the humidity and 
the latitude and is quite a variable quantity. The amount of snow on the ground at one time 
is still more variable. The snow loads given in Fig, i were proposed by the author in “ The Design 
of Steel Mill Buildings” in 1903 and have been generally adopted. 


Fig. I. 



Snow Load on Roofs for Different Latitudes, in Pounds per Square Foot. 


One of the heaviest falls of snow on record occurred at Boulder and Denver, Colorado on 
Dec. 5 and 6, 1913, when 36 inches of snow weighing 9 lb. per cu. ft. fell during two days. Many 
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flat roofs were loaded with a snow load of more than 30 lb. per sq. ft. and roofs with a pitch of one- 
half carried the full snow load of 27 lb. per sq. ft. of horizontal projection. 

A high wind may follow a heavy sleet and in designing the trusses the author would recom- 
mend the use of a minimum snow and ice load as given in Fig. i for all slopes of roofs. The 
maximum stresses due to the sum of this snow load, the dead and wind loads; the dead and wind 
loads; or of the maximum snow load and the dead load being used in designing the members. 

Wind Loads. — The wind pressure, P, in pounds per square foot on a flat surface normal to 
the direction of the wind for any given velocity, F, in miles per hour is given quite accurately 
by the formula 

P = 0.004 (2) 

The pressure on other than flat surfaces may be taken in per cents of that given by formula 
(2) as follows: 80 per cent on a rectangular building; 67 per cent on the convex side of cylinders; 
1 15 to 130 per cent on the concave side of cylinders, channels and flat cups; and 130 to 170 per 
cent on the concave sides of spheres and deep cups. 

Recent German specifications for design of tall chimneys specify wind loads per square foot 
as follows: 26 lb. on rectangular chimneys; 67 per cent of 26 lb. on circular chimneys; and 71 
per cent of 26 lb. on octagonal chimneys. 

The official specifications for the design of steel framework in Prussia have recently been 
amplified in the matter of wind pressures. For the wind-bracing, as a whcle, the wind pressure 
on the whole building is to be taken as 17 lb. per sq. ft. For proportioning individual frame 
members, girts, studs, trusses, etc., a higher value of wind pressure must be assumed, viz., 28 to 
34 Ib. per sq. ft. 

It would seem that 30 lb. per square foqt on the side and the normal component- of a hori- 
zontal pressure of 30 lb. on the roof would be sufficient for all except exposed locations. If the 
building is somewhat protected a horizontal pressure of 20 lb. per square foot on the sides is 
certainly ample for heights less than, say 30 feet. 

Wind Pressure on Inclined Surfaces. — The wind is usually taken as acting horizontally 
and the normal component on inclined surfaces is calculated. 


Ph 



The normal component of the wind pressure on inclined surfaces has usually been computed 
by Hutton’s empirical formula 


Pn 


P‘sin 


cos 1 


( 3 ) 


where Pn equals the normal component of the wind pressure, P equals the pressure per square 
foot on a vertical surface, and A equals the angle of inclination of the surface with the horizontal, 
Fig. (2). 

The formula due to Ducheminr' 


Pn 


P 2 sin A 
I 4- sin* A 


(4) 


where Pn, P and A are the same a^ in (3), gives results considerably larger for ordinary roofs 
than Hutton’s formula, and is coming into quite general use. 

The formula 


Pn - P-A/45 


( 5 ) 
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where Pn and P are the same as in (3) and (4), and A is the angle of inclination of the surface 
in degrees {A being equal to or less than 45*'}» gives results which agree very closely with Hutton's 
formula, and is much more simple. 

Hutton’s formula (3) is based on experiments which were very crude and probably erroneous. 
Duchemin’s formula (4) is based on very careful experiments and is now considered the most 
reliable formula in use. The Straight Line formula (5) agrees with experiments quite closely 
and' is preferred by many engineers on account of its simplicity. 

The values of Pn as determined by Hutton’s, Duchemin's and the Straight Line formulas 
are given iq Fig. 3, for P equals 20, 30 and 40 lb. 

It is interesting to note that Duchemin’s formula with P equals 30 pounds gives practically 
the same values for roofs of ordinary inclination as is given by Hutton’s and the Straight Line 
formulas with P equals 40 pounds. 



Fig. 3. Normal Wind Load on Roof According to Different Formulas. 


Lntchemin has also deduced the formula 


Pk 


P ^ ^ 

I -h sin* A 


where Pk in (6) equals the pressure parallel to the direction of the wind. Fig. 3 ; and 


Pi 


2 sin A »co8 A 
I -f sin* A 


( 6 ) 

( 7 ) 


where Pi in (7) equals the pressure at right angles to the direction of the wind. Fig. 2. Pi may 
be an uplifting, a depressing or a side pressure. With an open shed in exposed positions the 
uplifting effect of the wind often requires attention. In that case the wind should be taken 
IMMinal to the inner surface of the building on the leeward side, and the uplifting force determined 
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by using formula (7). If the gables are closed a deep cup is formed, and the normal pressure 
should be increased 30 to 70 per cent. 

That the uplifting force of the wind is often considerable in exposed localities is made evident 
by the fact that highway bridges are occasionally wrecked by the wind. 

The wind pressure is not a steady pressure, but varies in intensity, thus producing excessive 
vibrations which cause the structure to rock if the bracing is not rigid. The bracing in mill 
buildings should be designed for initial tension, so that the building will be rigid. Rigidity is 
of more importance than strength in mill buildings. 

Miscellaneous Loads. — Data on the weights of materials are given in Chapter II. The 
weights and other data for hand cranes are given in Table 133 and of electric cranes are given 
in Table 130, Part II. 

Minimum Loads. — For minimum loads to be calculated on roofs see § 29, '^Specifications for 
Steel Frame Buildings” in the last part of this chapter. 

STRESSES IN ROOF TRUSSES AND MILL BUILDINGS.—For the calculation of the 
stresses in roof trusses and in the framework of steel frame mill buildings, see the author's ” The 
Design of Steel Mill Buildings.” 

Design of Steel Mill Buildings. 

General Principles of Design. — The general dimensions and the outline of a mill building 
will be governed by local conditions and requirements. The questions of light, heat, venti- 
lation, foundations for machinery, handling of materials, future extensions, first cost and cost 
of maintenance should receive proper attention in designing the different classes of structures. 
One or two of the above items often determines the type and general design of the structure. 
Where real estate is high, the first cost, including the cost of both land and structure, causes 
the adoption in many cases of a multiple story building, while on the other hand where the site 
is not too expensive the single story shop or mill is usually preferred. In coal tipples and shaft 
houses the handling of materials is the prime object; in railway shops and factories turning out 
heavy machinery or a similar product, foundations for the machinery required, and convenience 
in handling materials are most important; while in many other classes of structures such as weaving 
sheds, textile mills, and factories which turn out a less bulky product with light machinery, and 
which employ a large number of men, the principal items to be considered in designing are light, 
heat, ventilation and ease of superintendence. 

Shops and factories are preferably located where transportation facilities are good, land is 
cheap and labor plentiful. Too much care cannot be used in the design of shops and factories 
for the reason that defects in dcsi ;n that cause inconvenience in handling materials and workmen, 
increased cost of operation and n.aintenance are permanent and cannot be removed. 

The best modern practice inclines toward single floor shops with as few dividing walls and 
partitions as possible. The advantages of this type over multiple story buildings are (i) the 
light is better, (2) ventilation is better, (3) buildings are more easily heated, (4) foundations for 
machinery are cheaper, (5) machinery being set directly on the ground causes no vibrations in 
the building, (6) floors are cheaper, (7) workmen are more directly under the eye of the superin- 
tendent, (8) materials are more easily and cheaply handled, (9) buildings admit of indefinite 
extension in any direction, (10) the cost of construction is less, and (li) there is less danger from 
damage due to Are. 

The walls of shops and factories are made (i) of brick, stone, or concrete; (2) of brick, hollow 
tile or concrete curtain walls between steel columns; (3) of expanded metal and plaster curtain 
walls and glass; (4) of concrete slabs fastened to the steel frame; and (5) of corrugated steel fastened 
to the steel frame. 

The roof is commonly supported by steel trusses and framework, and the roofing may be 
slate, tile, tar and gravel or other composition, tin or sheet steel, laid on board sheathing or on 
concrete slabs, tile or slate supported directly on the purlins, or corrugated steel supported on 
board sheathing or directly on the purlins. Where the slope of the roof is flat a first grade tar 
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and gravel roof, or some one of the patent composition roofs is used in preference to tin, and on a 
steep slope slate is commonly used in preference to tin or tile. Corrugated steel roofing is much 
used on boiler houses, smelters, forge shops, coal tipples, and similar structures. 

Floors in boiler houses, forge shops and in similar structures are generally made of cinders; 
in round houses brick floors on a gravel or concrete foundation are quite common; while in buildings 
where men have to work at machines the favorite floor is a wooden floor on a foundation of cinders, 
gravel, or tar concrete. Where concrete is used for the foundation of a wooden floor it should be 
either a tar or an asphalt concrete, or a layer of tar should be put on top of the cement concrete 
to prevent decay. Concrete or cement floors are used in many cases with good results, but 
they are not satisfactory where men have to stand at benches or machines. Wooden racks on 
cement floors remove the above objection somewhat. Where rough work is done, the upper or 
wearing surface of wooden floors is often made of yellow pine or oak plank, while in the better 
classes of structures, the top layer is commonly made of maple. For upper floors some one of 
the common types of fireproof floors, or as is more common a heavy plank floor supported on 
beams may be used.* 

' Care should be used to obtain an ample amount of light in buildings in which men are to 
work. It is now the common practice to make as much of the roof and side walls of a trans- 
parent or translucent material as practicable; in many cases fifty per cent of the roof surface is 
made of glass, while skylights equal to twenty-five to thirty per cent of the roof surface are very 
common. Direct sunlight causes a glare, and is also objectionable in the summer on account of 
the heat. Where windows and skylights are directly expf)sed to the sunlight they may best be 
curtained with white muslin cloth which admits much of the light and shades perfectly. The 
*‘saw tooth” type of roof with the shorter and glazed tooth facing the north, gives the best light 
and is now coming into quite general use. 

Plane glass, wire glass, factory ribbed glass, and translucent fabric are used for glazing 
windows and skylights. Factory ribbed glass should be placed with the ribs vertical for the 
reason that with the ribs horizontal, the glass emits a glare which is very trying on the eyes of 
the workmen. Wire netting should always be stretched under skylights to prevent the broken 
glass from falling down, where wire glass is not used. 

Heating in large buildings is generally done by the hot blast system in which fans draw the 
air across heated coils,' which are heated by exhaust steam, and the heated air is conveyed by 
ducts suspended from the roof or placed under the ground. In smaller buildings, direct radiation 
from steam or hot water pipes is commonly used. 

^ The proper unit stresses, minimum size of sections and thickness of metal will depend upon 
whether the building is to be p)ermanent or temporary, arid upon whether or not the metal is 
liable to be subjected to the action of corrosive gases. For permanent buildings the author 

would recommend 16,000 lb. per square inch for allowable tensile, and 16,000 — 70- lb. per 

r 

square inch for allowable compressive stress for direct dead, snow and wind stresses in trusses 
and columns; I being the center to center length and r the radius of gyration of the member, 
both in inches. For wind bracing and flexural stresses in columns due to wind, add 25 per cent 
to the allowable stresses for dead, snow and wind loads. For temporary structures the above 
allowable stresses may be increased 20 to 25 per cent. 

The minimum size of angles should be 2" X 2" X i", and the minimum thickness of plates 
J in., for both permanent and temporary structures. Where the metal will be subjected to 
corrosive gases as in smelters and train sheds, the allowable stresses should be decreased 20 to 25 
per cent, and the minimum thickness of metal increased 25 per cent, unless the metal is fully 
protected by an acid-proof coating (at present the best paints do little more in any case than 
delay and retard the corrosion). 

The minimum thickness of corrugated steel should be No. 20 gage for the roof and No. 22 
for the sides; where there is certain to be no corrosion Nos. 22 and 24 may be used for the roof 
and sides respectively. 
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Steel Frame Mill Buildings. — The framework. of a steel frame mill building consists of a 
series of transverse bents, which carry the purlins on the tops of the trusses, and girts on the 
sides of the columns to carry the covering. Fig, 4. The framework is braced by diagonal bracing 
in the planes of the roof and the sides of the building, and in the plane of the lower chords. A 
transverse bent consists of a roof truss supported at the ends on columns and is braced against 
endwise movement by means of knee braces. The framing . plan for a steel frame inill building 
is shown in Fig. 4. Steel mill buildings are also made with end trusses in place of the end framing 
shown in Fig. 4. 




Fig. 4. Framework for a Steel Mill Building. 

Types of Roof Trusses. — Several types of roof trusses are shown in Fig. 5. These trusts 
have been subdivided so that the purlins will come at the panel points, and will not have a spacing 
greater than 4 ft. 9 in., the greatest spacing allowed for corrugated steel roofing when laid without 
sheathing. The Fink trusses shown in (a) to (g) are commonly used in steel frame buildings 
and arc very economical. The other types of trusses need no explanation. 

Different methods of lighting and ventilating buildings through the roof are shown in Fig. 6. 

Saw Tooth Roofs. — The common type of saw tooth roof is shown in (w) h ig. 6. The glazed 
le^ faces the north and permits only indirect light to enter the building, thus doing away with 
the glare and varying intensity of light in buildings where direct sunlight enters. In cold climates 
the snow drifts the gutters nearly full and causes loss of light and also leakage from the over- 
flowing gutters. The modified saw tooth roof shown in (n) was designed by the author, to obviate 
the defects in the common type of saw tooth roof. The modified saw tooth roof permits the 
use of a greater span and more economical pitch than the common form shown in {ttt). 

Transverse Bents. — A number of the common forms of transverse bents are shown in Fig. 7 » 
Transverse bents (a), (6), (d), and (h) are used for boiler houses, shops, etc., while (c), (e), (f) 
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TYPES OF ROOF TRUSSES. 


6/933 otLouvna 
s 

6/933 orLouims 


!SS 


(si MON/TVfi AND St^YUOHTS (b) DOUBLE /MONITOR 


(c) Skylights 
6/dss - 6/953 


6/953 or Louvres 


isasBi^ 


6/ 953 6/953 _ 

^.'-6/953 6/955--^' 


(dJ/ioNiTOR AND Skylights 

^^C/rcu/ar Vent/ /a bar 

6/955--^ /Pvi' 


(e) Skylights 


(f) Skylights 


6/95 


(ffj Monitor 


(/jJSiLK Mill, Monitors 

6/93S’r^9^^6/dS3 


a ... ^ 

0) Skylights 

YAAA/t ... _ 

(/) Skylights 

S/ssst A — Glofs^. A^G/ass, 




iSIQI 


sassmBsssm 


fk) 5 /<yl/6HTS 


0 ) /^F with Sitv Tooth Skylight 


North End 




South End North End 


South End 


M.Saw Tooth Roof OHAme ^£d) (n) KetchuiT!s Modified Saw ToothRoof 
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and (f) are used for shops or buildings where the main part of the building is required to be covered 
by a crane and side sheds are used for lighter work. 

Roof Arches. — Roof arches are used where a large clear floor space is required as in coliseums, 
exposition buildings and train sheds, Fig. 8. The arches are braced in pairs and carry the roof 
covering. Arches may have one, two or three hinges, or may be made without hinges. Three- 
hinged arches are statically determinate structures, while the stresses in all other arches are 
statically indeterminate. Arches without hinges are used for domes. Three-hinged roof arches 
have been commonly used in America, although the two-hinged roof arch is more economical 
and has many advantages. Arches may have a horizontal tie as in the Chicago Stock Pavilion 
and the Government Building, or the horizontal reactions may be carried by the foundations 
as in the St. Louis Coliseum, Fig. 8. For the calculation of the stresses in three-hinged and two- 
hinged roof arches, see the author’s “The Design of Steel Mill Buildings.” 

Pitch of Roof. — ^The pitch of a roof is given in terms of the center height divided by the span; 
for example a 6o-ft. span truss with i pitch will have a center height of 15 ft. The minimum 
pitch allowable in a roof will depend up>on the character of the roof covering, and upon the kind 
of sheathing used. For corrugated steel laid directly on purlins, the pitch should preferably be 
not less than i (6 in. in 12 in.), and the minimum pitch, unless the joints are cemented, not less 
than J. Slate and tile should not be used on a less slope than i and preferably not less than J. 
The lap of the slate and tile should be greater for the less pitch. Gravel should never be used 
on a roof with a greater pitch than about i, and even then the composition is very liable to run. 
Asphalt is inclined to run and should not be used on a roof with a pitch of more than, say, 2 in. 
to the foot. If the laps are carefully made and cemented a gravel and tar or asphalt roof may be 
practically flat; a pitch of } to i in. to the foot is, however, usually preferred. Tin may be used 
on a roof of any slope if the joints are properly soldered. Most of the patent composition roofings 
give better satisfaction if laid on a roof with a pitch of i to Shingles should not be used on a 
roof with a pitch less than J, and preferably the pitch should be J to J. 

Pitch of Truss. — There is very little difference in the weight of Fink trusses with horizontal 
bottom chords, in which the top chord has a pitch of i, J, or §. The difference in weight is quite 
noticeable, however, when the lower chord is cambered; the truss with the J pitch being then 
more economical than either the i or the i pitch. Cambering the lower chord of a truss more 
than, say, 1-40 of the span adds considerable to the weight. For example the computed weights 
of a 60-ft. Fink truss with a horizontal lower chord, and a 60-ft. Fink truss with a camber of 3 ft. 
in the lower chord, showed that the cambered truss weighed 40 per cent more for the i pitch and 
15 per cent more for the J pitch, than the truss having the same pitch with horizontal lower 
chord. It is, however, desirable for appearance sake to put a slight camber in the bottom chords 
of roof trusses, for the reason that to the eye a horizontal lower chord will appear to sag if viewed 
from one side. 

In deciding on the proper pitch, it should be noted that while the 1 pitch gives a better slope 
and has a less snow load than a roof with i or i pitch, it has a greater wind load and more roof 
surface. Taking all things into consideration J pitch is probably the most economical pitch for a 
roof. A roof with J pitch is, however, very nearly as economical, and should preferably be used 
where corrugated steel roofing is used without sheathing, and where the snow load is large. 

Spacing of Trusses and Transverse Bents. — ^The weight of trusses and columns per square 
foot of area decreases as the spacing increases, while the weight of the purlins and girts per square 
foot of area increases as the spacing increases. The economic spacing of the trusses is a function 
of the weight per square foot of floor area of the truss, the purlins, the side girts and the columns, 
and also of the relative cost of each kind of n\aterial. For any given conditions the spacing 
which makes the sum of these quantities a minimum will be the economic spacing. It is desirable 
to use simple rolled sections for purlins and girts, and under these conditions the economic spacing 
will usually be between 16 and 25 ft. The smaller value being about right for spans up to, say, 
60 ft., designed for moderate loads, while the greater value is about right for long spans, design^ 
for heavy loads. 
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Calculations of a series of simple Fink trusses resting on walls and having a uniform span 
of 6o ft. and different spacings gave the least weight per square foot of horizontal projection of 
the roof for a spacing of i8 ft., and the least weight of trusses and purlins combined for a spacing 
of 10 ft. The weight of trusses per square foot was, however, more for the lo-ft. spacing than 
for the i8-ft. spacing, so that the actual cost of the steel in the roof was a minimum for a spacing 
of about 1 6 ft.; the shop cost of the trusses per lb. being several times that of the purlins. Local 
conditions and requirements usually control the spacing of the trusses so that it is not necessary 
that we know the economic spacing very definitely. 

For long spans the economic spacing can be increased by using rafters supported on heavy 
purlins, placed at greater distances than would be required if the roof were carried directly by the 
purlins. This method is frequently used in the design of train sheds and roofs of buildings where 
plank sheathing is used to support slate or tile coverings, or where the tiles are supported by 
angle sub-purlins spaced close together as shown in Fig. 13. 

Truss Details. — Riveted trusses are commonly used for mill buildings and similar structures. 
For ordinary loads the chord sections arc commonly made of two angles, Fig. 10. For heavy 
loads the chords may be made of two channels. Fig. 12. Where the purlins are not placed at the 
panel points the upper chord must be designed for ilexurc as well as for direct stress. Two angles 
with a vertical plate make an excellent section where the chord must take both direct and flexural 
stress. Trusses supported on masonry walls should have one end supported on sliding plates 
for spans up to 70 ft., for greater lengths of span rollers or a rocker should be used. Shop drawings 
of a steel roof truss arc given in Fig. 10. Details of the end connections of trusses resting on walls 
and fastened to columns are given in Fig. ii. Details of truss joints are given in Fig. ii. Wher- 
ever possible, truss joints should be so designed that the joint will not be eccentric. 

Details of Roof Framing. — Roof trusses and transverse bents should be braced transversely 
with vertical framework and bracing to give the roof framing lateral stability. The bracing may 
be placed in the center line of the building as in Fig. 12, or at the quarter points as in Fig. 4; 
long span trusses should be braced at both the center and the quarter points. Details of roof 
framing giving methods of bracing roof trusses and transverse bents are given in Fig. 4, Fig. 41, 
and Fig. 42. 

Details of a roof truss and roof framing to carry a Ludowici tile roof without sheathing, are 
shown in Fig. 13. The tiles are carried on sub-purlins, the sub-purlins are supported by rafters, 
which are in turn supported by the purlins. 

Columns. — The common forms of columns used in mill buildings are shown in Fig. 14. For 
side columns with light loads column Qi) composed of four angles laced is very satisfactory, while 
for side columns that take bending and heavy loads column (g) composed of four angles and a 
plate is the most satisfactory column. Columns (a), (b), (c), (d), (e) and (k) are used to carry 
heavy loads. The I beam and the angle columns arc used for end and corner columns, respec- 
tively. Details of a four angle laced column and a four angle and plate column are shown in 
Fig. 15. Details of a heavy column and a light column made of two channels laced are shown 
in Fig. 16. 

CORRUGATED STEEL. — Corrugated steel is rolled to U. S. standard gage. The weights 
of flat steel and corrugated steel for different gages and thickness are given in Table I. Corru- 
gated siding and roofing is rolled as shown in Fig. 17. The special corrugated steel in (b) Fig. 17 
is commonly used for roofing, and the corrugated steel in (c) is used for siding. 

The standard stock lengths vary by single feet from 4 ft. to 10 ft. Sheets can be obtained 
M long as 12 ft., but are special and cost 5 per cent extra and will delay the order. 

The purlins for corrugated steel without sheathing should be spaced for a load of 30 lb. per 
•q. ft. on the roof; and the girts for 25 lb. per sq. ft. on the sid^, as given in Fig. 18. 

The details of corrugated steel as given in Fig. 19 are standard with the McClintic-Marthali 
Construction Company and the American Bridge Company. 
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Fig. io. of a Rtvftfo Tru‘?s. 
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CORRUGATED STEEL. 




Fastenings for Corrugated Sheeting. — Corrugated steel is fastened to purlins and girts usually 
by the following fasteners. 

Straps , — ^These are made of No. i8 U. S. gage steel, } of an in. wide. These straps pass 
arpund the purlins and are riveted to the sheets at both ends by diameter rivets, | in. long; 
or, they may be fastened by bolts. Order one strap and two rivets, or bolts, for each lineal foot 
of girt or purlin, to which the corrugated steel is to be fastened, and add 20 per cent to the number 
of rivets for waste, and 10 per cent to the straps or the bolts. One thousand rivets will weigh 
6 lb. ; one bundle of hoop steel will weigh 50 lb. and contains 400 lineal feet. 
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Fig. 14. Types of Columns for Steel Mill Buildings. 


Qinck Rivets or Nails , — ^These are special rivets or nails made of No. 9 Birmingham gage 
wire, which clinch around the edge of the angle iron or channel and are used for fastening the sted 
sheathing to steel purlins or girts. They are of the lengths shown on page 24. 
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Fig. 15. Details op Mill Building Columns. 
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Fig^ i6. Details of Mill Building Columns. 
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Fig. 17. Details of Corrugated Steel. 
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the flange of the purlin. The bolts are of the same diameter, and have the same head as the clinch 
rivets, except that they are supplied with threads and nut, and are about l in. long. These clips 
and bolts should not be used excepting in special cases, where the regular fastenings cannot be 
easily applied. 
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Fjg. 19. Standard Details for Corrugated Steel. 
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Table of Clinch Nails. 


L Purlin leg 

3" 

5" 

32 

4" 

6" 

29 

23 

6" 

8" 

21 

7" 

9" 

18 

No. per lb 


3" 

4" ^ 

C 

6" 

7" 


6 " 

7" or 8" 

9" 

10" 

11" 


29 

21 

18 

i 

14 


In cases where flashing, cornice work, and several thicknesses of metal are to be fastened at 
one point, rivets or bolts, other than standard lengths given will be needed. Closing rivets J in. 
long aivd bolts in. long will usually answer in these cases. 

If side laps of corrugated steel are to be riveted, rivets should be ordered, one for each lineal 
foot of side lap, plus 20 per cent for waste. 

If corrugated steel is to be fastened to wooden purlins or timber sheathing, order 8d barbed 
nails for roofing and for siding. These nails should be spaced one foot apart, for both end and side 
plaps; add 20 per cent for waste. Ninety-six 8d barbed nails weigh i lb. 

Corrugated steel for roofing should be laid with two corrugations side lap if standard or 
corrugitions side lap if special, and 6 in. end lap. Corrugated steel for siding should have one 
jCorrugation side lap and 4 in. end lapw 

Louvres. — Weights of Shiffier louvres of black iron or steel are as follows: 

Gage No. Weight per Square Feet. 

2.7 lb. 

22 2.0 lb. 


Tht? freight is obtained from Fig. 20. as follows: 



Fig. 20. Louvres. 


Louvres are estimated in square feet = 2h X length. 

To get weight multiply area by (1.7 X weight per sq. ft. of flat of material used). 

Ridge Roll. — Ridge roll is ordinarily of same gage as roofing and black or galvanized to cor- 
respond with same. Ridge roll is usually made from an 18 in. flat sheet. 


Weight of Ridge Roll. 


Gage No. 

Weight, lb. per lineal ft. 

20 

2.4] 


22 

2.0 

- Black Iron or Steel. 

24 

t.6j 
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TABLE 1. 

Corrugated Sheets. American Sheet and Tin Plate Company Standard. 


Description of Corrugated Sheets I Areas of Corrugated Sheets 



Corrueations 


Width, Inches 

-1 

0 

Sq. 1 

?t. in I Sheet I 

Sheets in 100 Sq. Ft. 

Width, Inches 

Depth, 

Num- 

Full 

Covers 

a 

Corrugations 

Corrugations 

Nominal 

Actual 

Approx. 

Inches 

ber per 
Sheet 

Sheet 

Ap- 

prox. 

Leu 

Sheet 

5" 

3". 2i". 
2 " 

li". r 

5" 

3 ", 2i", 

2 " 

1 

li". 1" 

5 

4! 

i 

6 

28 

24 

60 

11.67 

10.83 

10.42 

8.57 

9.23 

9.60 

3 , 

2| 

i 

9 

26 

24 

72 

14.00 

13.00 

12.50 

7 -H 

7.69 

8.00 

2 i 

2f 

i 

10 

26 

24 

84 

16.33 

15.17 

14.58 

6.12 

6.59 

6.86 

2 


i 

11 

26 ! 

24 

96 

18.67 

17-33 

16.67 

5-36 

5-77 

6.00 

li 

li 

1 

20 

25 

24 

108 

21.00 

19.50 

18.75 

4.76 

5-13 

5-33 


n 

A 

26 

25 

24 

120 

23.33 1 

21.67 

20.83 

4.29 

4.62 

4.80 

Standard lengths 

6, 7, 8, Q and 10 feet. 

Max- 

144 

28.00 1 

26.00 

25.00 

3-57 

3.85 

4.00 

imum 1( 

mgth, 12 

feet for 5 

" to lY 

' corrugation. 









Corrugated Sheets. — Painted. 


Weights in Pounds per icx) Square Feet. 






Thickness. U. S. 

Standard Gage and Decimals of an Inch 




Cor- 

ruK. 

12 

14 

16 

18 

20 

21 

22 

23 

24 

25 

26 

27 

28 

Inches 

.109 

00 

q 

.063 

.050 

.038 

.034 

.031 

.028 

.025 

.022 

.019 

.017 

.016 

5 

2i 

2 


33 Q 

271 

217 

163 

150 

136 

123 

1 10 

96 

83 

76 

68 



271 

217 

163 

150 

136 

123 

no 

96 

83 

76 

68 

474 

339 

271 

271 

217 

217 

163 

163 

150 

ISO 

136 

136 

123 

123 

no 

no 

96 

96 

83 

83 

76 

76 

68 

68 

li 





170 

156 

142 

128 

114 

IOO 

86 

79 

72 










114 

IOO 

86 

79 

72 


Corrugated Sheets. — Galvanized. 


Weights in Pounds per lOO Square Feet. 


Norn. 

Thickness, U. S. Standard Gage and Decimals of an Inch 














Cor* 

rug. 

12 

14 

16 

18 

20 

21 

22 

23 

24 

25 

26 

27 

28 

Inches 















.109 

.078 

.063 

.050 

b 

00 

.034 

.031 

.028 

.025 

.022 

.019 

.017 

.016 

S 


354 

286 

232 

178 

165 

151 

138 

124 

in 

98 

91 

8s 

3 



286 

232 

178 

165 

151 

138 

124 

in 

98 

91 

85 

2i 

488 

354 

286 

232 

178 

165 

151 

138 

124 

in 

98 

91 

85 

2 



286 

232 

178 

165 

151 

>38 

124 

III 

98 

91 

85 

1 li 




185 

157 


129 


lOI 

94 

87 

* ^ 







129 


lOI 

94 

87 


The weights per lOO square feet given in preceding tables do not include allowances for end^ 
or side laps. The following table gives the approximate number of square feet of sheeting neces- 
sary to cover an area of loo square feet and is based on sheets of standard width, 96 inches long. 
If longer or shorter sheets are used, the number of square feet required will vary accordingly. 


Square Feet of Corrugated Sheets to Cover ioo Square Feet. 


Side Lap 

End Lap, Inches 

1 

2 

3 

4 

5 

6 

I Corrugation 

no 

III 

112 

”3 

126 

114 

120 

mm 


116 

II 7 

124 

118 

2 “ 

123 

125 

127 

128 
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Gutters. — Eave or valley gutters should always be galvanized. Valley gutters should be 
No. 20 gage. Eave gutters and conductors should be No. 22 gage. Gutters should be sloped not 
less than i in. in 15 ft. 


Weights of Eave Gutters and Conductors of Galv. Iron or Steel. 


SlMUl of Roof. 

Size of Gutter. 

Wt. per ft. 

Size and Spacing 
of Conductor. 

Wt. per lin. ft. 
No. 22. 

up to 50' 

6", No. 22 


4 in. every 40' 0" 

1.5 lb. 

50' to 70' 

No. 22 


5 in. every 40' 0" 

2.1 lb. 

70' to 100' 

8", No. 22 

BuH 

5 in. every 40' 0" 

2.3 lb. 


Details of conductors and downspouts are given in Fig. 21. 



Esve dncf Val/ey Gutters 
usudl/y EO or same 
as roofings 

Slope one Inch In fifteen 
Feet- 

Order in S Feet lengths* 

Conductors usually 
or same gage as sid/ng- 


Fic. 21. Details of Conductors and Downspouts. American Bridge Company. 

Purlins. — Details of connections for purlins used for a corrugated steel roof are given in Fig. 
22. 

Comice. — For details of cornice see the author's ** The Design of Steel Mill Buildings." 
ROOF COVERINGS. — Mill buildings are covered with corrugated steel supported directly 
On the purlins; by slate, tile or cement tile supported by sub-purlins; or by corrugated steel, 
tlate» tile, cement tile, shingles, gravel or other composition roof, or some one of the various pat- 
ented roofings supported on sheathing. The sheathing is commonly made of a single thickness 
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Fig. 22. Details of Purlins for Corrugated Steel Roof. American Bridge Company. 
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of planks, i to 3 inches thick. The planks are sometimes laid in two thicknesses with a layer of 
lime mortar between the layers as a protection against fire. In fireproof buildings the sheathing 
is commonly made of reinforced concrete. Concrete slabs are sometimes used for a roof covering, 
being in that case supported directly by the purlins, and sometimes as a sheathing for a slate or 
tile roof. 

The roofs of smelters, foundries, steel mills, mine structures and similar structures are com- 
monly covered with corrugated steel. Where the buildings are to be heated or where a more 
substantial roof covering is desired slate, tile, tin or a good grade of composition roofing is used, 
or the roof is made of reinforced concrete. For very cheap and for temporary roofs a cheap com- 
position roofing is commonly used. The following coverings will be described in the order given; 
corrugated steel, slate, tile, tin, and tar and gravel. A slate roof on reinforced concrete sheath- 
ing is shown in Fig. 57 and in Fig. 59. 

CORRUGATED STEEL ROOFING. — Corrugated steel roofing is laid on plank sheathing or 
is supported directly on the purlins. Corrugated steel roofing should be kept well painted with a 
good paint. Where the roofing is exposed to the action of corrosive gases as in the roof of a smelter 
reducing sulphur ores, ordinary red lead or iron oxide paint is practically worthless as a protective 
coating; better results being obtained with graphite and asphalt paints. Tar paint, made by 
mixing tar, Portland cement and kerosene in the proportions of 16 parts of tar, 4 parts of Portland 
cement, and 3 parts of kerosene, by volume, is an excellent protection against corrosive gases in 
smelters and similar structures. Galvanized corrugated steel is quite extensively used. To pre- 
vent the condensation of vapor on the inside of the metal roof, corrugated steel roofing should 
be laid on sheathing or should have anti-condensation lining. 

Corrugated steel sheets covered with an asbestos preparation can now be obtained on the 
diarket. 

Anti-Condensation Lining. — Anti-condensation lining, shown in Fig. 23, consists of asbestos 
felt supported on wire netting that is stretched tight and supported by the purlins. Anti-con- 
densation lining is put on according to two systems. 

Berlin System^ (5) Fig. 23. — (i) Lay galvanized wire netting. No. 19, 2-in. mesh, trans- 
versely to the purlins with edges about I J in. apart so that when laced together with No. 20 brass 
wire the netting will be stretched smooth and tight. When the purlins are spaced more than ^ ft. 
apart stretch No. 9 galvanized wire across the purlins about 2 ft. centers to hold up the netting. 

(2) On the top of the wire netting place a layer of asbestos paper weighing 14 lb. per square 
of 100 sq. ft., and on this place a layer of asbestos paper weighing 6 lb. per square. All holes in 
the paper must be patched when laid. 

(3) On top of the asbestos paper lay two thicknesses of Neponset building paper. 

Note . — The asbestos and building paper should lap 3 in. and break joints 12 in. The corru- 
gated steel is fastened with the usual connections. Use tin washers on corrugated steel bolts 
where there is danger of breaking or tearing the lining. 

Wire netting, No. 19 gage, 2-in. mesh comes in bundles 6 ft. wide and 150 ft. long, containing 
poo sq. ft. Asbestos comes in rolls 36 in. wide and is sold by the pound. No. 20 brass wire is 
bought by the pound, 272 lineal ft. weigh one pound. Neponset building paper comes in rolls 
36 in. wide and 250 ft. or 500 ft. long. Do not cut a roll. Add 10 per cent for laps of asbestos 
and building paper. 

Minneapolis System, (6) Fig. 23. — (i) Lay wire netting. No. 19, 2-in. mesh, transversely to 
the purlins, with edges i j in. apart, so that when laced together with No. 20 brass wire the netting 
will be stretched smooth and tight. 

(2) On the top ot the netting lay asbestos paper weighing 30 lb. to the scjuare of 100 sq. ft., 
allowing 3 in. for laps. For important work lay one or two thicknesses of building paper on top 
of the asbestos. 

(3) Lay the corrugated steel and fasten to purlins in the usual manner. 

Note . — If wood purlins are used the wire netting may be fastened to the nailing strips with 
I in. staples. Where the purlins are more than 2 ft. 6 in. centers place a line of A in. bolts between 
purlins, about 2 ft. centers, with washers i in. X 4 in. X i in. to prevent netting from sagging. 

SLATE ROOFING. — Roofing slates are usually made from i to i inches thick; inch 
being a very common thickness. Slates vary in size from 6 in. X 12 in. to 24 in. X 44 in.; the 
Mses varying from 6 in. X 12 in. to 12 in. X 18 in. being the most common. 
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Slates are laid like shingles as shown in Fig. 23. The lap most commonly used is 3 inches; 
where less than the minimum pitch of { is used the lap should be increased. The number of slates 
of different sizes required for one square of 100 sq. ft. of roof for a 3-in. lap are given in Table II. 
The weight of slates of the various lengths and thicknesses required for one square of roofing, 
using a 3-in. lap is given in Table III. The weight of slate is about 174 lb. per cu. ft. The weight 
of slate per superficial sq. ft. for different thicknesses is given in Table IV. 

TABLE II. 


Number of Roofing Slates Required to Lay One Square of Roof with 3-IN. Lap. 


Size in Inches. 

No. of Slate in 
Square. 

Size In Inches. 

No. of Slate in 
Square. 

Size in Inches. 

No. of Slate In 
Square. 

6 X 12 

533 

8 X 16 

277 

12 X 20 

I41 

7 X 12 

457 

9 X 16 

246 

14 X 20 

I 2 I 

8 X 12 

400 

10 X 16 

221 

II X 22 

137 

9 X 12 

355 

12 X 16 

184 

12 X 22 

126 

10 X 12 

320 

9 X 18 

213 

14 X 22 

108 

12 X 12 

266 

10 X 18 

192 

12 X 24 

II4 

7 X 14 

374 

II X 18 

174 

14 X 24 

98 

8 X 14 

327 

12 X 18 

160 

16 X 24 

86 

9 X 14 

291 

14 X 18 

137 

14 X 26 

89 

10 X 14 

261 

10 X 20 

169 

16 X 26 

78 

12 X 14 

218 

II X 20 

154 




TABLE III. 


The Weight of Slate Required for One Square of Roof. 






mm 

i" 

1" 

i" 

i " 

i" 

l" 

12 

483 

724 

967 

1450 

1936 

2419 

2902 

3872 

14 

460 

688 

920 

1370 

1842 

2301 

2760 

3683 

16 

445 

667 

890 

1336 

1784 

2229 

2670 

3567 

18 

434 

650 

869 

1303 

1740 

2174 

2607 

3480 

20 

425 

637 

851 

1276 

1704 

2129 

2553 

3408 

22 

418 

626 

836 

1254 

167s 


2508 

3350 

24 

412 

617 

82s 

1238 

1653 

2066 

2478 

3306 

26 

407 

610 

815 

1222 

1631 

2039 

2445 

3263 


TABLE IV. 

Weight of Slate Per Square Foot. 


Thickness — in 

i 

WSM 

i 

1 


f 

i 

I 

Weight — lb 

1.81 

wm 

3.62 

5-43 

7.2s 

9.06 

10.87 

145 


The minimum pitch recommended for a slate roof is J ; but even with steeper slopes the rain 
and snow may be driven under the edges of the slates by the wind. This can be prevented by 
laying the slates in slater’s cement. Cemented joints should always be used around eaves, ridges 
and chimneys. 

Slates are commonly laid on plank sheathing. The sheathing should be strong enough to 
prevent deflections that will break the slate, and should be tongued or grooved, or shiplapped, and 
dressed on the upper surface. Concrete sheathing reinforced with wire mesh, expanded metal 
or rods b now being used quite extensively for slate and tile roofs, and makes a fireproof roof, see 
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Fig* 46. Tar roofing felt laid between the elates and the sheathing assists materially in making 
the roof waterproof, and prevents breakage when the roof is walked on. The use of rubber-soled 
shoes by the workmen will materially reduce the breakage caused by walking on the roof. Roof- 
ing slates may also be supported directly on sub-purlins. The details of this method are practically 
the same as for tile roofing, which see. 

When roofing slates are laid on sheathing they are fastened by two nails, one in each upper 
corner. Fig. 23. When supported directly on sub-purlins the slates are fastened by copper or 
composition wire. Galvanized and tinned steel nails, copper, composition and zinc slate roofing 
nails are used. Where the roof is to be exposed to corrosive gases copper, composition or zinc 
nails should be used. 

TILE ROOFING. — Baked clay or terra-cotta roofing tiles are made in many forms and 
sizes. Plain roofing tiles are usually loj in. long, 6J in. wide and f in. thick; weigh from 2 to 
2i lb. each and lay one- half to the weather. There are many other forms of tile among which 
book tile, Spanish tile, pan tile and Ludowici tile are well known. Tiles are also made of glass 
and are used in the place of skylights. 

Tiles may be laid (i) on plank sheathing, (2) on reinforced concrete sheathing, or (3) may be 
supported directly on angle sub-purlins as shown in Fig. 13. Tiles are laid on sheathing in the 
same manner as slates. 

The roof shown in Fig. 13 was constructed as follows: Terra-cotta tiles, manufactured by 
the Ludowici Roofing Tile Co., Chicago, 111 ., were laid directly on the angle sub-purlins, every 
fourth tile being secured to the angle sub-purlins by a piece of copper wire. The tiles were inter- 
locking, requiring no cement except in exceptional cases. The tiles were 9 X 16 in. in size; 135 
being sufficient to lay a square of 100 sq. ft. of roof. These tiles weigh from 750 to 800 lb. per 
square, and cost about $6.00 per square at the factory. Skylights in this roof were made by 
substituting glass tiles for the terra-cotta tiles. This and similar tile have been used in this man- 
ner on a large number of mills and train sheds with excellent results. 

Tile roofs laid without sheathing do not ordinarily condense the steam on the inner surface 
of the roof unless the tiles are glazed, although several cases have been brought to the author's 
attention where the condensation has caused trouble with tile roofs made of porous tiles. Anti- 
condensation roof lining should be used where there is danger of excessive sweating, or a porous 
tile should be used that is known to be non-sweating. 

TIN ROOFING. — Two sizes of tin plates are in common use, 14 in. X 20 in. and 20 in. X 28 
in., the latter size being most used. Tin sheets are made in several thicknesses, the IC, or No. 29 
gage weighing 8 ounces to the sq. ft., and the IX, or No. 27 gage weighing 10 ounces to the sq. ft., 
being the most used. The standard weight of a box of 112 sheets, 14 X 20 size is 108 Ib. for IC 
plate, and 136 lb. for IX plate. Boxes containing imperfect sheets or wasters " are marked 
ICW or IXW. Every sheet should be stamped with the name of the brand and the thickness. 
The value of tin roofing depends upon the amount of tin used in coating and the uniformity with 
which the iron has been coated. The amount of tin used varies from 8 to 47 lb. for a box of 20 X 28 
size containing 112 sheets. 

Tin roofing is laid (i) with a flat seam, or (2) with a standing seam. In the former method 
the sheets of tin are locked into each other at the edges, the seam is flattened and fastened with 
tin cleats or is nailed firmly and is soldered water tight. Rosin is the best flux for soldering, al- 
though some tinners recommend the use of diluted chloride of zinc. For flat roofs the tin should 
be locked and soldered at all joints, and should be secured by tin cleats and not by nails. For 
steep roofs the tin is commonly put on with standing seams, not soldered, running with the pitch 
of the roof, bnd with cross-seams double locked and soldered. One or two layers of tar paper 
should be placed between the sheathing and the tin. 

The under side of the sheets should be painted before laying. Tin roofs should be painted 
every two or three years. If kept well painted a tin roof should last 25 to 30 years. 

For flat seam roofing, using } in. locks, a box of 14 X 20 tin will cover 192 sq. ft., and for 
standing seam, using i in. locks and turning li and in. edges, making i in. standing seams, 
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it will lay i68 sq. ft. For flat seam roofing, using i in. locks, a box of 20 X 28 tin will lay about 
399 sq. ft., and for standing seam, using i in. locks and turning ij and in. edges, making i in. 
standing seams, it will lay about 365 sq. ft. 

TAR AND GRAVEL ROOF. — Tar and gravel roofs are called three-, four-, five-ply, etc., 
depending upon the number of layers of roofing felt. Tar and gravel roofs may be laid upon timber 
sheathing or upon concrete slabs. For details of a tar and gravel roof see Fig. 23. The following 
specifications are taken from the author’s “ Specifications for Steel Frame Buildings.’* 

Specifications for Five-Ply Tar and Gravel Roof on Timber Sheathing. — The materials used 
in making the roof are i (one) thickness of sheathing paper or unsaturated felt, 5 (five) thick- 
nesses of saturated felt weighing not less than 15 (fifteen) lb. per square of one hundred (100) 
sq. ft., single thickness, and not less than one hundred and twenty (120) lb. of pitch, and not 
less than four hundred (400) lb. of gravel or three hundred (300) lb. of slag from i to f in. in size, 
free from dirt, per square of one hundred (100) sq. ft. of completed roof. 

The material shall be applied as follows: First, lay the sheathing or unsaturated felt, lapping 
each sheet one in. over the preceding one. Second, lay two (2) thicknesses of tarred felt, lapping 
each sheet seventeen (17) in. over the preceding one, nailing as often as may be necessary to 
hold the sheets in place until the remaining felt is applied. Third, coat the entire surface of this 
two-ply layer with hot pitch, mopping on uniformly. Fourth, apply three (3) thicknesses of felt, 
lapping each sheet twenty-two (22) in. over the preceding one, mopping with hot pitch the full 
width of the 22 in. between the plies, so that in no case shall felt touch felt. Such nailing as is 
necessary shall be done so that all nails will be covered by not less than two plies of felt; fifth, 
spread over the entire surface of the roof a uniform coating of pitch, into which, while hot, imbed 
the gravel or slag. The gravel or slag in all cases must be dry. 

Specifications for Five-Ply Tar and Gravel Roof on Concrete Sheathing. — The materials 
used shall be the same as for tar and gravel roof on timber sheathing, except that the one thick- 
ness of sheathing paper or unsaturated felt may be omitted. 

• The materials shall be applied as follows: First, coat the concrete with hot pitch, mopped 
on uniformly. Second, lay two (2) thicknesses of tarred felt, lapping each sheet seventeen (17) 
in. over the preceding one, and mop with hot pitch the full width of the 17-in. lap, so that in no 
case shall felt touch felt. Third, coat the entire surface with hot pitch, mopped on uniformly. 
Fourth, lay three (3) thicknesses of felt, lapping each sheet twenty-two (22) in. over the preceding 
one, mopping with hot pitch the full width of the 22-in. lap between the plies, so that in no case 
shall felt touch felt. Fifth, spread the entire surface of the roof with a uniform coat of pitch, 
into which, while hot, imbed gravel or slag. 

Cost. of Five-Ply Tar and Gravel Roofing.* — The cost of a round house roof in the middle 
west, based on 1912 prices and containing 500 squares of five-ply tar and gravel roofing, was as 
follows. 

Cost per square of 100 sq. ft. not including fixed charges or profit, not including sheathing. 


Sheathing paper, 5 lb $0.12 

Pitch, 155 lb. at 60 cents per 100 lb 0.93 

Felt, 85 lb. at $1.65 per 100 lb 1.40 

Nails and caps 0.05 

Cleats for flashing 0.05 

Gravel (about one-seventh yard) 23 

Labor, including hauling, board and railroad fare 1,15 

Total cost per square $3-93 


CEMENT ROOFING TILE. — Cement tile are made of Portland cement and clean, sharp 
sand and are reinforced with steel rods. 

Data for “ Bonanza ” cement tile, manufactured by the American Cement Tile Mfg. Co., 
Pittsburgh, Pa., are given in Fig. 24a. The exposed surface of the tile is Indian red in color, 
while the underside has a cement finish. The least desirable slope of roof is a pitch of one-fifth. 
Data for Federal Cement tile, manufactured by the Federal Cement Tile Co., Chicago, 111 ., are 
given in Fig. 24b, and in the upper part of Fig. 24c. Cement roofing tile have been very exten- 
sively used for industrial plants. The cement tile have the following advantages: (a) are fire 
resisting; (b) require very simple roof construction; (c) require no sheathing; (d) are non- 

* Aim. Ry. Eng. Assoc., Vol. 14, p. 852. 
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Fig. 24a. Data for “Bonanza” Cement Tile. 

conductors; (e) may be erected rapidly; (f) the first cost is low for a permanent type of roof, 
(g) maintenance is low. 

Gypsum Roofing Tile. — Gypsum roofing tile made by the United States Gypsum Company, 
(Chicago, are sold under the trade name of Pyrobar Gypsum Roof Tile. The tile are 12 in. wide 
and 30 in. long, and weigh 13 lb. per sq. ft. Data taken from the catalog for rafters and purlins 
for Pyrobar Gypsum Roof Tile are given in the lower part of Fig. 24c. Gypsum roof tile have 
recently been used on buildings for the Navy Department at Norfolk, Va, The following ad van- 

4 
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tages of gypeum roof slabs were given by L. M. Cox, U. S. N., Engineering News, Jan. 35 , 1917 : 
(a) Light weight; (b) rapid construction; (c) roof slab is non-conductor and non-condensing; 
(d) is fire resisting; (e) shows few cracks; (f) low cost of maintenance. Gypsum roofing tile 
are made by several firms, and are also made at the building site. 
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Fig. 24b. Data for Federal Cement Tiles. 

Sag Rods. — ^The purlins in roof framing carrying corrugated steel roofing should be supported 
by one sag rod for spans of 20 ft. and under, and by two sag rods for spans of over 20 ft. The 
puriins in roof framing carrying tile roofing should be supported by one sag rod ior spans of 
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Fig. 24c. Data FOR Federal Cement Tile (upper part), and Data for Pyrobar Gypsum 

Tile (lower part). 

14 ft. or under, and by two sag rods placed at the third points of the span for spans of more than 
14 ft. Details of roof framing are given in Fig. 24d. 

The specifications for sag rods in specifications fot steel frame buildings in the latter part 
of this chapter are as follows: — 
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Sag Rods. — With a steel corrugated roof one sag rod, at the center, shall be used for purlin 
spans of 20 ft. or less, and two sag rods, spaced at the third points, for purlin spans of more than 
20 ft. With clay tile, cement tile, slate, gypsum or similar roofs, one sag rod shall be used for 
purlin spans of 14 ft. or less, and two sag rods spaced at the third points tor spans of more than 
14 ft. Where one sag rod is used, the sag rod on each side of the roof in any panel shall be rigidly 
connected through the ridge purlins. Where two sag rods are used in any panel, each sag rod 
shall be rigidly connected with the peak of the nearest truss by means of a diagonal sag rod in the 
upper purlin space. Sag rods need not be used in roofs with a pilch of 3 in. in 12 in., or less. 
With corrugated steel siding, one sTig rod shall be used for all girt spacings of 20 ft. or less, and 
two sag rods, spaced at third points, for girt spacings of more than 20 ft. 

Sag rods shall be designed to carry the component of the dead load of the purlins and roof 
covering and the maximum snow load parallel to the roof surface, with a unit stress of 16,000 lb. 
per sq. in. on net section. Sag rods for the sides shall be designed to carry the weight of the side 
framing and covering with the same allowable unit stresses as for sag rods for purlins. If sag r^ds 
are not upset, the net section shall be taken as the section having a diameter 1/16 in. less than the 
diameter of the root of the thread. The minimum size of sag rods shall have a diameter of 5 in. 
if the ends are upset, or | in. if the ends are not upset. 



SffOP FLOORS. — Floors for industrial plants may be placed on a foundation resting directly 
on the ground or may be self supporting. Several examples of shop floors that rest on the ground 
are shown in Fig. 25. Standard specifications for a cement floor and for a wood floor on a tar 
concrete base follow. 

The following specifications are from the author’s “ Specifications for Steel Frame Buildings.” 

Specifications for Cement Floor on a Concrete Base. Materials.— The cement used shall 
be first-class Portland cement, and shall pass the standards of the American Society for Testing 
Materials. The sand for the top finish shall be clean and sharp and shall be retained on a No. 30 
sieve and shall have passed the No. 20 sieve. Broken stone for the top finish shall pass a J in. 
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screen and shall be retained on the No. 20 screen. Dust shall excluded. The sand for the 
base shall be clean and sharp. The aggregate for the base shall be of broken stone or gravel and 

**'^**Base. — On a thoroughly tamped and compacted subgrade the concrete for ^e base shall 
laid and thoroughly tamped. The base shall not be less than 2^ in. thick. Concrete for the 
base shall be thoroughly mixed with sufficient water so that some tamping is required to bring 
the moisture to the surface. If old concrete is used for the base the surface shall be roughened 



'2" Plank _ f Tongueddc 6rooyed Map/e 


ii 

(a) Timber Floor on Cinders 
Matched Mapfe, Longitudinal 




Trans t/erse. 



V Fine Concrete of Tar or Asphait 
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Cc) Timber Floor on Tar Concrete 


Cinders ^3’'^ 4 W-P- Mailing Strip 
(h) Timber Floor on Cinders 

fir 
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jcPz Piank, Transverse 






4'^ Tar Concrete 






1 Roofing Pitch 
"^Compacted Earth 
(d) Timber Floor on Tar Concrete 


^I^^Mapiey Longitudinal 
/ Hemlock, Diagonal 

/ ! Hemlock, Transverse 



i '^d''Tar, Pitch and Sand, i'S • 

Portland Cement Concrete* 

(e) Timber Floor on Concrete 
fl”lfVearing Surface, iS Portland 


Pitch and Sand , /•'3 • 

{ ,'4'** 4'^^ 8'^ Maple Block, Crain Vertical 


Cement Mortar 


" - - - - 


\y2 "Cinders 

Tar - Crave! Concrete 

(F) Timber Blocks on Tar Concrete 


Jfff yttr^TF te 

K' — Cl-Q - — >4 Concrete-J\ 
! . 




Cinders, tvell drained 
' Portland Cement ConcretejPi'6 



(h) Concrete Shop Floor 


(g) Concrete Floor 

Fig. 25. Examples of Ground Shop Floors. 

and thoroughly cleaned so that the new mortar will adhere. The roughened surface of old con- 
crete shall then be thoroughly wet so that the base will not draw water from the finish when the 
I-Itter is annlied Before scrubbing the base with grout the excess water shall be removed. 

Finish.— With old concrete the surface of the base shall first be scrubbed with a thin grout 
of pure cement, rubbed in with a broom. On top of this, before the thin coat is set, a coat of 
finish mixed in the proportions of one part Portland cement, one part stone broken to pass a 1 in. 
ring, and one part Lnd shall be troweled on using as much pressure as possible, ^ ‘hat it wdl 
talre a firm bond. After the finish has been applied to the a® 

and floated to a true surface. Between the time of initial and final set it shall be finished, by 
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skilled workmen with steel trowels and shall be worked to a final surface. Under no condition 
shall a dryer be used, nor shall water be added to make the material work easily. 

Specmcadons for Wood Floor on a Tar Concrete Base. Floor Sleepers. — Sleepers for 
carrying thetimber floor shall be 3 in. X 3 in. placed 18 in. c. to c. After the subgrade has been 
thoroughly tamped and rolled to an elevation of 4} in. below the tops of the sleepers, the sleepers 
shall be placed in position and supported on stakes driven in the subgrade. Before depositing 
the tar concrete the sleepers must be brought to a true level. 

Tar Concrete Base. — The tar concrete base shall be not less than 4J in. thick and shall be 
laid as follows: First, a layer three (3) in. thick of coarse, screened gravel thoroughly mixed with 
tar, and tamped to a hard level surface. Second, on this bed spread a top dressing li in, thick 
of sand heated and thoroughly mixed with coal tar pitch, in the proportions of one (i) part pitch 
to three (3) parts tar. The gravel, sand and tar shall be heated to from 200 to 300 degrees F., 
and shall be thoroughly mixed and carefully tamped into place. 

Plank Sub-Floor. — The floor plank shall be of sound hemlock or pine not less than 2 in. 
thick, planed on one side and one edge to an even thickness and width. The floor plank is to be 
toe-naiied with 4 in. wire nails. 

Finished Flooring. — The finished flooring is to be of maple of clear stock, } in. finished thick- 
ness, thoroughly air and kiln dried and not over 4 in. wide. The flooring is to be planed to an even 
thickness, the edges jointed, and the underside channeled or ploughed. The finished floor is to 
be laid at right angles to the sub-floor, and each board neatly fitted at the ends, breaking joints 
at random. The floor is to be final nailed with 10 d. or 3 in. wire nails, nailed in diagonal rows 
16 in. apart across the boards, with two (2) nails in each row in every board. The floor to be 
finished off perfectly smooth on completion. 

The finished flooring is not to be taken into the building or laid until the tar concrete base 
and sub-plank floor are thoroughly dried. 


^^lyFloorina ri‘T»r ^Z'FIcorinj 



<e) (F) 

PeNCoro Co/tmATio Flookins (j) Z Bap Floop (h) Angle & Plate 

Floop 



(i) ’Buc/ceve" F/peppol^ Floop/ne QJ Multiplex Steel Plate Floop 

Fig. 26. Examples of Shop Floors Above Ground. 


Shop floors above ground may be made of timber resting on beams, of brick arch construe* 
tion, (a) Fig. 26, of concrete with corrugated steel arch centers as shown in (i), of reinforced con* 
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Crete ae shown in (c) and (d), of steel filled with concrete as shown in (s), (/), (x), (A), or of 
concrete reinforced with Buckeye fiooring as shown in (f) or Multiplex fiooring as shown in (/)• 
Timber Floors- — The Yellow Pine Manufacturers Association has calculated the safe 
span of yellow pine when used for mill floors with fiber stresses of i,200 to i,8oo lb. per sq. in. 
for live loads of lOO to 300 lb. per sq. ft. in addition to the weight of the floor, Table V. In the 
line marked Deflection '* is given the span which has a maximum deflection of one thirtieth of 
an inch per foot of span for the various live loads. The modulus of elasticity of timber was taken 
as 1,684,800 lb. per sq. in. The table may be used for any kind of timber by using the proper 
working stress. The maximum spans for fiber stresses less than 1,200 lb. per sq. in. may be found 
as follows: Required the maximum safe span for a timber floor 2{ in. thick for a fiber stress of 
800 lb. per sq. in. and a live load of 150 lb. per sq. ft. The span is approximately the same as for 
a fiber stress of 1,200 lb. per sq. in. and a live load of 225 lb. per sq. ft., » 6 ft. ii in.; or for a 
fiber stress of 1,600 lb. per sq. in. and a live load of 300 lb. per sq. ft., » 6 ft. li in. 


TABLE V. 

Allowable Span for Timber Floors. 
Yellow Pine Manufacturers Association. 


Thick- 
ness in 
Inches. 

Stress per 
Square Inch. 
Pounds. 

SPAN IN FEET. 

Live Load in Pounds Per Square Foot. 

100 

125 

150 

175 

200 

225 

250 

275 

300 

It 

1,200 

1,300 

1,500 

1,600 

1,800 

Deflection 

6' 4" 
6' 7" 
/ 1" 

7' 4" 
7' 9" 

4' 8" 

5' 8" 
5' ii" 
6 ' 4" 

6 ' 7" 

7' 0" 

4' 4" 

5 ' 3 " 
5 ' 5 " 

5' 10" 

6' 0" 
6' 5" 
4' i" 

4' 10" 
5' 0" 
5 ' 5 " 
5 ' /' 
5' II" 
3' II" 

4’ ' 6" 

4' 9" 
s' i" 
s' 3" 

s' 7 " 
3 ' 9 " 

4' 4" 

4' 6" 
4' 10" 
5' 0" 

3 7 

4' i" 

4' 3" 
4' 7" 

4' 8" 
5' 0" 
3 ' Si" 

3' n" 
4' 1" 

4' 4" 

4' 6" 

4' 9" 

3' 4i" 

3 ' 9" 

3' 10" 

4' 2" 

4' 4" 

4/ y// 

3' 3" 


1,200 

1,300 

1,500 

1,600 

1,800 

Deflection 

10' 1" 
10' 6" 
ii' 3" 

ii' 8" 

12' 4" 
/ 5 J'' 

9' i" 
9' 6" 
10' 2" 
10' 6" 
ii' 2" 
6' iii" 

8' 4" 
8' 8" 
9' 4" 

9' 8" 
10' 3" 
6' 7" 

7' 9" 

8 ' i" 
8 ' 8 " 
8 ' II" 

9' 6" 
6 ' 3" 

/ 3" 

7 ' 7 " 
8' 2" 
8' 5" 
8' u" 
6' 0" 

6' ii" 

7' 2" 
7' 8" 
7' II" 
8' 5" 
5 ' 9 i" 

6 ' 6 " 
6 ' 10" 

7' 4" 
7' 7" 

8' 0" 
s' 7" 

6' 3" 
6' 6" 
7' 0" 
7' 2" 
7' 8" 

s' 5" 

6' 0" 

6' 3" 

6' 8" 

6' II" 

7 ' 4" 

5' 3" 

3 f 

1,200 

1,300 

1,500 

1,600 

1,800 

Deflection 



II' 3" 
ii' 8" 

1 2' 7" 
13' 0" 
13' 9" 
q' 0" 

10' 7" 
ii' 0" 
ii' 10" 
12' 3" 
13' 0" 
8 ' 7" 

10' 0" 
10' 5" 
II' 2" 
ix' 6" 
12' 3" 
8 ' 3" 

9 ' 5 " 
f' 10" 
10' 7" 

10' II" 

ii' 7" 
7' iij" 

9' 0" 

9' 4" 

10' 0" 
10' 4" 
ii' 0" 
/ 8" 

8' 7" 

8' II" 

9' 7" 

9' II" 
10' 6" 
/ Si" 

8' 3" 

8' 7" 

9' 2" 

9' 6" 
10' i" 

/ 3 " 









10' 2j" 

9' 6V' 

4l 

1,200 
1,300 
1,500 
1,600 
1,800 1 

Deflection 





12' 7" 
13' 2" 
14' i" 
14' 7" 
IS' 5 " 
10' 6" 

u' 11" 
12' 5" 
13' 4" 
13' 9" 
14' 8" 
10' i" 

ll' 4" 
ii' 10" 
12' 9" 
13' 2" 
14' 2" 
9' 9 " 

10' 10" 
II' 4" 
12' 2" 
12' 7" 
13' 4" 
9' 6" 

10' 5" 
10' 10" 
ii' 8 " 
12' i" 
12' 9" 

9 ' ai" 













HMM 




QROj 

12' i" 

II' ti" 

10' ii" 

5l 

1,200 

1,300 

1,500 

1,600 

1,800 

Deflection 





is' 3" 
is' 10" 
17' i" 
17' 7" 
18' 8" 
n' oj" 

14' 5" 
is' 0" 
x6' 1" 
16' 8" 
x/ 8" 
xo' 8" 

13' 9" 

14' 4" 
•S' 4" 
is' 10" 
16' 10" 
10' 4" 

13' 2" 
13' 8" 
14' 8" 
is' 2" 
x6' i" 
10' 9" 

12' 7" 
13' i" 
14' i" 
14' 7 " 

IS' 5 " 
io' 9" 

















13' 7" 

12' 8J" 

12' oi" 

ii' 6" 


WAterproofiiig.--For methods of waterproofing floors, walls, etc., see methods of waterproofing 
bridge floors in Chapter IV. 
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D/MfNSfONS FOJ^ 6 lA2BD WoOD SaSH 



American Single Strength 

^^B’" American Double Strength 

10 "* 12 " 12 "=^ 12 " J0"x/4" I2''>^I4'' 

I0">^I6" 

I2''xl6" 

I4''>^16" 


All S9sh to be Jj'’ thick, except Sliding Sash, Pivoted Sash, and Single Sash (or one 
half oF Double SashJ exceeding 4^6^^ high or 4'0'^jvide, ivhich should be made I thicks 
Top Rails Stiies Bottom Rail 5" • Muntins^^'^ ^ 

Pivoted Sash, 4 lights high or over, to have one Horizontal Muntin /j thick; all 
other Sash, 6 lights high or over, to have one Horizontal Muntin 1^" thick* 

Pivoted Sash, 4 lights mde or over, to have one Vertical Muntin /j thick* all 
oth^ Sash, 6 lights wide or over, to have one Vertical Muntin /j thick * 

For Pivoted Sash 4 and Bii^tshigh or wide, add!^ "to Figures given in above tables * 


Fig. 27. Dimensions and Data for Glazed Wood Sash. 
American Bridge Company. 





GLAZED WOOD SASH. 


Height 

oF 

Ho*oF 

Lights 

Spacinc 

u 

61ns5 

nigh 

n 

12" 

2 

5'lf 

12 

3 

4-2 

12 

4 

5-2§ 

12 

5 

6-2i 

12 

6 

7-4i 

12 

7 

S-4i 

14 

2 

3-H 

14 

3 

4-8 

14 

4 

s-m 

14 

3 

7-Oi 

14 

6 

8-4i 

!4 

7 

9-6! 

Height 

oF 

No-oF 

Lights 

Spacing 

u 

Gloss 

High 

n 

12" 

4 

53/ 

/2 

6 

7-4 

12 

8 

9-4i 

12 

10 

11-5? 

12 

12 

l5-8i 

14 

4 

5-llk 

14 

6 

8-4 

14 

8 

IO-8j 

14 

10 

15-1? 

14 

12 

15-Si 

Height 

oF 

Ho-oF 

Lights 

Spacing 

tt 

Oldss 

High 

H 

12" 

4 

53/ 

12 

6 

7-6i 

12 

8 

9-6i 

12 

10 

//-7i 

12 

12 

15-101 

14 

4 

6-/i 

14 

6 

8-6? 

14 

8 

IO-/OI 

J4 

10 

/5-5§ 

J4 

12 

15-101 


Width 

oF 

Slnss 

No*oF 

Lights 

Wide 

Spacing 

W 

Spaci/^ 

D. 

Width 

oF 

Class 

Ho*oF 

Lights 

Wide 

Spacing 

W 

Spacing 

D 

10" 

2 

2'7i 

2'2p 

12 

2 

m] 

2'6r 

/o 

3 

5-6k 

5-ik 

12 

5 

4-oi:\ 

3-/4 

10 

4 

4-4§ 

5-llk 

12 

4 

5-ok 

4-7§ 

10 

5 

5-5 

4-10 

12 

5 

6-1 

5-8 

10 

6 

6-2i 

5-9i 

12 

6 

7-2i 

6-9i 





W= Width oF Single Pii^oUd, F/xecf or Counter- 
hahnced fV/ndow- Width oF Continuous Window 
oF Windows ‘‘Clenrnnce ) • 

H, ^ 




< 

--D- 


H 



Width 

oF 

Class 

No-oF 

Lights 

Wide 

Spacing 

W 

Spacing 

D 

Width 

oF 

Class 

do-oF 

Lights 

Wide 

Spacing 

w 

Spacing 

D 

iO" 

4 

4'6i' 

4'ir 

12" 

4 

5'2i 

4'9i 

/o 

6 

6-5 

5-10 

12 

6 

7-3 

6-/0 

10 

8 

7-Ilk 

7-6k 

12 

8 

9-5k 

S-iOk 

10 

iO 

9-8i 

9-5i 

12 

10 

/Mi 

io-m 

iO 

12 

ll-7i 

ll-2i 

12 

12 

l5-7i 

l5-2i 


4 « 

•<A ^ 

J 




a 


5; 


W- Width oF Single Sliding Window- Width oFContm 
uous Sliding Window 0*No W/n(hfvs-f-Zf'^2j-f‘f£'C/enr9nc^ 
H W H 

ffl 



Width 

oF 

Glass 

No-oF 

Lights 

Wide 

Spacing 

W 

iO" 

2 

5-/i 

iO 

3 

5-i/k 

iO 

4 

4-IOk 

iO 

5 

5-8i 

iO 

6 

6-8 


Width 

oF 

Glass 

No-of 

Lights 

Wide 

Spaci/g 

W 

12“ 

2 

33/ 

12 

3 

4-5k 

12 

4 

5-6k 

12 

5 

6-6i 

12 

6 

7-8 


I 

■I' 

<s 








I 






W^ Width oF Single Double Hung Weighted Window* 
K W~ 


H 


Fig. 28. Dimensions for Glazed Wood Sash. 
American Bridge Company. 
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WINDOWS AND SKY UGHTS.— Mill and mine buildings should have an ample amount 
of glazing in the form of windows and sky lights. Plane glass is made in two thicknesses, nngle 
strength approximately -ff in. thick, and double strength approximatley i in. thick. Plane 
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Pig. 39. Data fok Double Hung Weighted Windows. 
American Bridge Company. 


glaae is graded as AA, A, and B. The AA grade being the best and the B grade the pooreet 
Wire glass is ^ in. or } in. thick and may be obtained with a smooth surface, with factory nbs 
or prisms. For ordinary windows double strength glass gives very satisfactory results. For 
sky lights and where windows are liable to be broken, wire glass should be u^. The best 
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Log Scnw ^^ 
i ^'* i '' x 6' B / o cks .\ 
ir ^ rcop -^ 
i **^ i'* Parting 
Strip — 


Strip 

Parting 
Strip 



ir/iVnr 


Use steel mndw posts on/y 
when girts connect at siUe •. 


r^r Stop— 

/i'x7/'5//A, Ifl 
Tl ** lirLy 5 crei 





r Strip- 


r-i Round- 


vr’^r Stop 

M yn'siff 

'Brfp \^tb>outoFm)oik>d*itar DripS V |-i^ 

I 


r^RotmT 


Bolb 


I /^^x 7 ?.iL- \/\ihe/i^e*imMfoi¥[>osbis/>oti/S€</, ViVrr Types A id* 


DfMENSIONS FOR WOOD FRAMES FOR 7PfPL£ HUMS COUNTERDALAHCED WNOOW^ 


Height 

oFB/ass 

H»-Lights 

High 

Spacing 

H 

Height 

oF6Ias5 

Ho-Lights 

High 

Spacing 

H 

12 

12 

/2 

12 

•1 

12 

iS 

IS 

7'5i 
io-ei 
/5-7i 
i6-Si 
20 -i 

i4^ 

i4 

14 

14 

14 

6 

$ 

12 

15 
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Fig 30. Data for Counterbalanced Windows, 
American Bridge Company. 
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Data FOR SPAcm drriYEEN STrEL Window Posts- 
For Fixed, Pivoted and Counterbdlanced Windows* 


Class 

I0''orl2‘ 

Muntins (each) 

Stiles (each) 

i" 

k 

Sash Clearance 

K 

Jambs (each) 

/i 

Nailing Pieces (each) 

/?" 

itt 

Frame Clearance 

i 


For Sliding Windom use above data except no Sash Clearance, and add 2 For meeting rail • 


Fig. 31. Data for Fivqti&P Windows. American Bridge Company. 
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glass for glazing windows in industrial plants is “ factory ribbed glass ” with twenty-one ribs to 
the inch, the ribs being placed on the inside of the window. This glass is considerably more ex- 
pensive than plane glass but is much more satisfactory. 

Translucent fabric made by imbedding wire cloth in a translucent material made of linseed 
oil, is also used for glazing in industrial buildings. Translucent fabric will be charred by a live 
coal but is practically fire-proof. It shuts off part of the light, making it possible for men to work 
under it without shading. 



Fig. 32. Data for Continuous Pivoted and Fixed Sash in Monitors. 
American Bridge Company. 


The amount of glazed surface required in mill buildings depends upon the use to which the 
building is put, the material used in glazing, the location and the angle of the windows and sky 
lights, and the clearness of the atmosphere. It is common to specify that not less than 10 per 
cent of the exterior surface of mill buildings and 25 per cent of the exterior surface of machine 
shops should be glazed. Many industrial plants have as much as 60 per cent of the exterior 
walls of glass. 
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to 16 ft* 
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Data FoitSPAcm Between Gkts 



for fixed. Pivoted and Sliding Windows* 


Glass 

H’orir 

Sill and Head (each) 

n' 

Sash Top /^ ail 

H' 

Top Nailing Piece 

/r 

1 Sash Bottom Rail y 

Bottom Nailing Piece 

iV 

Muntins (each) 

r 

Block 

r 

Sash Clearance 

r 

Frame Clearanc e 

i' 

1 for Counterbalanced use above data except 

no Sash Clearance, and add li for meeting rail* 


Fig. 33. Data for Continuous Fixed Sasb. 

American Bridge Company. 

Spedfleatioiis for Windows and Skylights. — The requirements for windows and skylights 
as given in the author’s specifications in the latter part of this chapter are as follows: — . 

17(nndows and Skylights. — Where buildings are lighted by windows the clear window area 
shall not be less than 20 per cent of the floor area, nor less than 10 per cent of the area of the 
entire exterior surface in mill buildings, nor less than 20 per cent of the area of the entire exterior 
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surface in machine shops, factories and other buildings in which men are required to work at 
machines. Skylights shall be used where the required window area cannot be provided in the 
sides and ends of buildings. 

Where buildings are lighted by windows having the sills not more than 4 ft. above the floor, 
the span of the building shall not exceed 2 times the height of the top of the windows where 
buildings are lighted by windows in one side, or 4 times the height of the top of the windows where 
buildings are lighted by windows in both sides. Where the span of the building is greater than is 
permitted by the preceding requirement, the necessary illumination shall be provided either by 
prism glass in side walls or by skylights. Skylights shall have such an area and shall be so ar- 
ranged that light coming through the skylight making an angle of not more than 45® with the 
vertical shall cover the entire horizontal area at a distance of 6 feet above the floor; or the light 



American Bridge Company. 

may be diffused by means of ribbed glass or prisms or by reflection from the ceiling to obtain 
equally satisfactory illumination. In saw tooth roofs the inner surface of the roof shall be light 
colored or shall be painted with a paint that will reflect the light and make the illumination uniform 
and effective. All windows or skylights admitting direct sunlight shall be provided with muslin 
or other satisfactory shades. 

Details of glazed sash and window frames as adopted by the American Bridge Company 
are shown in Fig. 27 to Fig. 34. 
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Section 3-B* 


Maximum length unsupported 
Tie Bar Use US- 6 age unless specified* 

Order Sheets U^'^vide and ai/oiv B ^'encB lap . 
Punch 7 i hoies in steel work^ and hifl 
Section A-A diameter ^ l' hn^ round head sto^e bolts* 


Fig. 35, Details of a Steel Monitor Louvre Ventilator. 
American Bridge Company. 


VENTILATORS. — Industrial buildings are ventilated either by forced draft or by natural 
ventilation. Natural ventilation is usually sufficient, although forced draft is necessary in many 
factories or mills such as cement mills and similar structures. The amount of air required depends 
upon the use to which the building is to be put. For mill and factory buildings it is usual to 
require 20 to 30 cu. ft. of fresh air per minute for each operative, and to require that all the air 
be entirely changed each hour. A common specification is to require a net ventilator opening 
per 100 sq. ft. of floor space of not less than one-fourth sq. ft. for clean machine shops and similar 
buildings; of not less than one sq. ft. for dirty machine shops; of not less than four sq. ft. for mills, 
and of not less than six sq. ft. for forge shops, foundries and smelters. The American Bridge Co. 
specifies that tubular ventilators shall have a net opening of one sq. ft. for each 200 to 400 sq. ft. 
of floor space. 

Ventilators are more effective in high buildings thaq in low buildings. One sq. ft. of ventilator 
opening at a height of 60 ft. will be nearly twice as effective as one sq. ft. at a height of 20 ft. 

Industrial buildings are ventilated (i) through monitor ventilators, (2) through tubular 
ventilators placed in the roof, or (3) by means of swing ventilators placed in the windows. The 
best ventilation is obtained with monitor or tubular ventilators in the roof and ventilators in 
the windows in the side of the building. 

Details of a circular ventilator as designed by the American Bridge Company are shown in 
(3) Fig. 23. Details of a standard monitor steel louvre ventilator are shown in Fig. 35. 
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STEEL WINDOWS. — ^Windows with steel sash and steel frames are now used in fireproof 
txiiidings and are generally used in all industrial buildings. The windows are generally glazed 
with wire glass J in. thick. Window sash may be fixed, or may be opened by swinging, or by sliding 
horizontally or vertically. 
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Sash Without 
Ventilators. 


Fig. 37. Standard Details for Steel Sash. 


In Fig. 36, (a) to (g) inclusive, are windows with fixed sash with ventilators in different posi- 
tions; (h) is a window with horizontal sliding sash; (i) is a window with a sash which swings out- 
ward; (j) is a window with counterbalanced sash; (k) is a window with a fixed sash and a swinging 
ventilator; (1) is a window with a swinging sash; while (m) is a window with swinging sash with 
weather strips to prevent the storm from beating into the building. 

Steel sash are made by many different firms. While the main dimensions of the windows 
made by the different firms are practically standard, each firm uses different rolled-steel sections, 
different details and different operating devices. 

Standard dimensions for steel sash are given in Fig. 37. It should be noted that more steel 
is used with small sizes of glass than with large sizes, and that sash with small sizes of glass are 
therefore stronger than sash with large sizes. The maximum sizes of sash given in Fig. 37 are for 
glass 14 in. by 20 in. For glass 10 in. by 16 in. the maximum sizes may be increased 15 per cent; 
while for glass 18 in. by 24 in. the maximum sizes should be reduced by 15 per cent, and propor- 
tional for intermediate sizes of glass. The glass are fastened with clips and arc glazed w'ith specia*' 
putty, on the inside of the sash. 





STEEL WINDOWS AND DOORS, 



Brick on edge, Stone or Concrete. Brick, Stone, orConcrete. Hoed or Jamb. Heed or Jamb. 
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Details of window sash as taken from the catalogs of the “ Fenestra windows, made by the 
Detroit Steel Products Company, Detroit, Mich.; the “ Lupton windows, made by the David 



Fig. 42. Details of Steel Sash. 

( (f) is “Lupton,” (g) is “ United Steel Sash,” and (h) is “Fenestra ”' 


Lupton Son Company, Philadelphia, and United Steel Sash ” made by the Trussed Concrete 
Steel Co., Youngstown, Ohio, are shown in Fig. 38 to Fig. 41. While each company uses different 
rolled sections the details are essentially the same and may be used interchangeably as far as the 
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designing engineer is concerned. Details of counterbalanced sash, are shown in (a) to (c) and 
details of a horizontal sliding sash are shown in (d) and (e), Fig. 42. The details of the sections 
used by the different firms may be determined by observing that in Fig. 42 (f) is “ Lupton ” (g) 
is “ United Steel Sash,” and (h) is “Fenestra.” Details of construction, and details of operating 
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Fig. 43. Details of “United Steel Sash” Ventilators and Skylights. 

devices and hardware can be obtained from the various catalogs. Details of “ United Steel Sash *' 
monitor ventilators and skylights are shown in Fig. 43. Details of “ Lupton ” monitor ventilator? 
and skylights are shown in Fig. 44. The details shown in Fig. 43 and Fig. 44 are very complete. 
For address of other companies manufacturing steel windows, see Sweet's “Architectural Catalog” 
published by Sweet's Catalog Service, New York. 

WOODEN DOORS. — ^Wooden doors arc usually constructed of matched pine sheathing 
nailed to a wooden frame as shown in Fig. 45. These doors are made of white pine. Doors up 
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to four feet in width should be swung on hinges; wider doors should be made to slide on a over- 
head track or should be counter-balanced and raise vertically. Sliding doors should be at least 
4 in. wider and 2 in. higher than the clear opening. 

“ Sandwich ** doors are made by covering a wooden frame with flat or corrugated steel. 
The wooden framework of these doors is commonly made of two or more thicknesses of J in. 



Fig. 44. Details of “ Lupton ’* Steel Monitor Ventilators and Skylights. 


dressed and matched white pine sheathing not over 4 in. wide, laid diagonally and nailed with 
clinch nails. Care must be used in handling sandwich doors made as above or they will warp 
out of shape. Corrugated steel with i J in. corrugations makes the neatest covering for sandwich 
doors. 

For swing doors use hinges about as follows: For doors 3 ft. X 6 ft. or less use 10 in. strap 
or 10 in. T-hinges; for doors 3 ft. X 6 ft. to 3 ft. X 8 ft. use 16 in. strap or 16 in. T-hinges; for 
doors 3 ft. X 8 ft. to 4 ft. X 10 ft. use 24 in. strap hinges. 
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Fig. 45. Details op Wooden Doors. American Bridge Company. 
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STEEL DOORS. — Details of a steel sliding door are shown in Fig. 46. Details of a swinging 
steel door are shown in Fig. 47. Steel doors should be covered with corrugated steel, preferably 
with ij in. corrugations. 



Fr^me For N-^3 

Fivebs on oubs/de Frame ^ tnch^ hs/de Frame bo be shipped bolted in places 
IF desired bo cheapen consbrucbhn oF door, omit side and center anples oF inside Frame^ 


Fig. 46. Details of a Sliding Steel Door. American Bridge Company. 

Details of the track for a sliding door are shown in Fig. 48. 

Steel doors built up out of special steel sections are made by several firms. Details of 
“ Lupton *' tubular steel doors manufactured by David Lupton Sons Company, Philadelphia, Pa., 
are shown in Fig. 49. These doors are hinged to swing one way or slide horizontally. The 
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Corrugated Steel bo be same gage as siding- 
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Fig. 47. Details of a Swinging Steel Door. American Bridge Company. 
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Fig. 48, Details of a Track for a Sliding Door. 


lower part of the door is filled with No. 12 gage steel, while the upper part is commonly 
filled with wire glass set in steel sash and steel frames. “ Lupton ” doors have the frames 
welded. 

Details of “ Fenestra ” tubular steel doors made by the Detroit Steel Products Company, 
Detroit, Mich., are shown in Fig. 50. The doors are hinged to swing one way, or slide horizontally. 
'Special tubular sliding doors can be made 10 ft. wide and 25 ft. high, or with double doors for 
an opening 20 ft. wide and 25 ft. high. “ Fenestra ” doors have the frames riveted. Steel 
doors are also made by the Trussed Steel Concrete Company. 

Diagrammatic sketches of several types of doors are shown in Fig. 51. These sketches 
represent different types of doors shown in the catalog of J. Edward Ogden Co., New York, N. Y. 
This company is prepared to furnish door hardware and mechanical parts of the doors shown, or 
will supply the doors complete. The following data have been taken from the Ogden catalog. 

Two-Section Doors . — Doors may be made of wood frame with a sheet-steel covering, or 
with a steel frame with a sheet-steel covering; the upper section may be glazed with i in. wire 
glass set in metal frames. Details of doors 20 ft. wide and 22 ft. high are shown as constructed 
with wood frames, and also with steel frames. Counterweights are commonly made equal to 
one-half the total weight of the door. 

Single-Section Doors . — Doors may be made with wood frames or with steel frames. Details 
of a door 27 ft. 9 in. wide and 19 ft. 6 in. high are shown. 

Multi-Section Door .—This door is especially adapted for locations where there is little ceiling 
space. Doors may be made with wood frames or with steel frames. Details of doors 1 8 ft. 3 in. 
wide and 22 ft. 2 in. high are shown. 
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Fig. 49. Details of “Lupton” Tubular Steel Doors. 
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Fig. 50. Details of “Fenestra” Tubular Steel Doors. 
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i. 51. Diagrammatic Sketches of Doors. Compiled from Catalog of J. Edward Ogden 

Company. 
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Turn-Over Door. — ^This door is used for small openings. There is no operating winch, the 
door being operated by hand. 

Canopy Door. — ^This door protects the entrance when open. The minimum headroom above 
the door is i6 inches. .This is a modification of the single-section door. 

Single- Leaf Vertical-Sliding Door. — These doors require adequate headroom. Details of a 
door 8 ft. wide and 8 ft. high are shown. These doors are often placed in pairs, where one counter- 
weight and one winch will serve for both doors. 

Douhli-Leaf Vertical- Sliding Doors. — The two sections of these doors are equipped with 
separate guides and are operated separately. Details of a door 20 ft. wide and 18 ft. high are 
shown. 

Crane Runway Doors. — These doors may swing inward or outward. The doors may be 
operated by the crane operator or from the floor. Additional doors should be provided for the 
load, and for the crane cage where necessary. 

Folding and sliding doors are also made by the Kinnear Manufacturing Company, Columbus, 
Ohio. 



Fig. 52. Modified Saw Tooth Roof, Paint Shop, Public Service Corporation. 

Rolling Steel Doors. — Rolling steel doors are made by several firms. The J. G. Wilson 
Corporation, New York, manufactures rolling steel doors that may be operated by hand with 
widths of 3 ft. to 6 ft. and heights of 6 ft. to 14 ft.; widths of 6 ft. to 10 ft. and heights of 13 ft. 
to 17 ft.; widths of 10 ft. to 15 ft., and heights of 13 ft. to 15 ft. Doors operated by gear have 
heights up to 21 ft. and widths up to 20 ft. The Kinnear Manufacturing Co., Columbus, Ohio, 
manufactures rolling steel doors with widths of 3 ft. to 20 ft., and heights of 6 ft. to 18 ft. For 
additional details and the names and addresses of other manufacturers of steel doors, see Sweet’s 
Architectural Catalog, published by Sweet’s Catalog Service, New York, N. Y. 

^ EXAMPLES OF STEEL MILL BUILDINGS. — ^The following examples will illustrate the 
practice in the design of steel mill buildings. 
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Side Elevation 

Fig. 55. CoRRuGATSD StEEL Plans for a Transformer Building. 
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Cohrugafed Steel List for Building 
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Example of Ketchum^a Modified Saw Tooth Roof.— The modified form of saw tooth roof 
shown in (n) Fig. 6, was proposed by the author in the first edition of '' The Design of Steel 
Mill Buildings (1903). This form of saw tooth roof has been used in the paint shops of the 
Plank Road Shops of the Public Service Corporation of New Jersey, Newark, N. J. The building 
proper is 135 ft. wide by 354 ft. long. The main trusses are of the modified saw tooth type with 
44 ft. spans and a rise of i, and are spaced 16 ft. centers. The general details of one of the main 
trusses are shown in Fig. 52. The building has an independent steel framing with brick curtain 
walls on the exterior. Pilasters 24 in. by 20 in. are placed 16 ft. apart under the ends of the 
trusses, the intermediate curtain walls being 12 in. thick. The roof is a 5 ply slag roof laid on 
tongued and grooved spruce sheathing, which is spiked to 2 in. X 5 in. spiking strips, which are 
bolted to 8 in. channel purlins spaced 6 ft. centers. 

Kelchum’s modified saw tooth roof has been used, with excellent results, in the shops and 
engineering laloratory buildings of the University of Colorado. 

Steel Transformer Building. — ^The framework of a steel frame transformer building is shown 
in Fig. 53 and Fig. 54. The transverse bents are made of Fink trusses, knee-braced to plate 
and angle columns. The bents are spaced 16 ft. centers. The members of the truss are made 
of angles placed back to back, the members being riveted to connection plates. The main columns 
are I-shaped, each flange being composed of two angles placed back to back, with the long legs 
outstanding and fastened together with a web plate. The columns in the ends of the building 
are made of 9-in. I beams. The main purlins are made of 5-in. [s @ 6 \ lb., while the girts are 
4-in. [s @ 5} lb. The purlins are spaced less than 4 ft. 9 in., which is a maximum spacing where 
corrugated steel roofing is used without sheathing. The steel framework is braced in the plane 
of the top chord and in the sides and ends of the building by means of diagonal rods 7/8 in. in 
diameter. The crane girder beams in the plane of the lower chord, together with the diagonal 
bracing, braces the building longitudinally. The diagonal bracing in the plane of the lower 
chord is made of angles. 

The plans for the corrugated steel covering on the roof and sides of the building are shown 
in Fig. 55 and Fig. 56. The corrugated steel for the roof is No. 22 gage steel with 2j-in. corru- 
gations, while the corrugated steel for the sides is No. 24 gage steel with 2i-in. corrugations. 
The flashing and ridge roll are made of No, 22 flat sheet steel. The finish of the building at the 
corners, and the eave and gable cornice are shown in Fig. 56. 

To prevent the condensation of moisture on the inside of the steel roof and the resulting 
dripping, anti-condensation lining was used, as shown in Fig. 56. This lining was constructed 
as follows: Galvanized wire poultry netting was fastened to one eave purlin, was passed over 
the ridge, stretched tight and fastened to the other eave purlin. The edges of the wire were 
woven together by means of wire clips. On the wire netting was laid two layers of asbestos 
paper, i /16 in. thick, and on top of the asbestos was laid two layers of tar paper. The corrugated 
steel was then laid on the roof in the usual way and was fastened to the purlins by means of long, 
soft iron wire nails, placed as shown in Fig. 56. To prevent sagging of the lining, stove bolts 
3/16 in. in diameter, with i in. X 1/8 in. X 4 in. flat washers on the lower side, were placed 
between the purlins. Where anti-condensation lining is used, better results will be obtained if 
the purlins are spaced one-half the usual distance, in which case the stove bolts may be omitted. 

Steel Frame Building with Plaster Walls. — The steel frame building shown in Fig. 57 was 
covered with expanded metal and plaster walls and roof constructed as follows: The side walls 
were made by fastening i in. channels at 12 in. centers to the steel framework and then covering 
this framework with expanded metal wired on. The expanded metal was then covered on the 
outside with a coating of cement mortar composed of one part Portland cement and two parts 
sand, and on the inside with a gypsum plaster, making the walls about 2 in. thick. The roof 
consists of a 2J in. concrete slab reinforced with expanded metal, this slab being covered wi^Ji 
10 in. X 12 in. slate nailed directly to the concrete. 

Machine Shop, U. S. Government Powder Plant, Nitro, West Virginia. — ^The steel frame- 
work for the machine shop erected at the U. S. Government Powder Plant, Nitro, West Virginia» 
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is shown in Fig. 58. The building is 100 ft. wide and 200 ft. long. The main truss spans are 
51 ft. 4 in., with a distance of 33 ft. to the bottom chord of the truss. The side sheds have a 
span of 24 ft. 4 in. The roof has a slope of 5 in. in 12 inches. The transverse bents arc spaced 
20 ft. centers and are braced as shown in Fig. 10. The main columns are made of one 15-in. 
I @ 38 lb. (Bethlehem) and one lo-in. [ @ 15 lb. The side columns are made of one 8-in. I 
@ 18 lb., while the end columns are made of one 12-in. I 31 5 lb. The main columns arc spaced 
40 ft. centers. The intermediate transverse bents are carried on longitudinal trusses carried on 
the main columns. These longitudinal trusses carry the lo-ton crane and also act as longitudinal 
braces for the building^ The roof is made of No. 22 corrugated steel laid on 2-in. yellow pine 
sheathing. The sides are covered with No. 22 corrugated steel fastened directly to the girts. 
An 8-in. brick wall, 4 ft. high, is built between the columns. The skylights and windows are 
made of Fenestra steel sash, with 10 in.X 16 in. lights, and are glazed with J-in. wire glass. 
The window sills of the lower windows in the sides of the building are on the top of the brick wall. 
The building is ventilated through the Fenestra sash, as shown in Fig. 58. The building is well 
lighted, 23 per cent of the total exterior surface of the building being glazed, while 60 per cent 
of the side walls are glazed. 

The floor was made of 3-in. creosoted timber blocks laid on a 6-in. concrete base. Creosoted 
blocks were laid on a layer of i : 4 Portland cement mortar, J in. thick. The joints were filled 
with bituminous material. Expansion joints i in. thick were made around all columns and 
around all exterior walls to provide for expansion. 

For an estimate of the weight and the cost of this building, see the author’s “ Design of 
Steel Mill Buildings,” Fourth Edition. 

Steam Engineering Building.— Details of a transverse bent of the steam engineering building 
at the Brooklyn Navy Yard are given in Fig. 59. 

The main columns are spaced 48 ft. centers while the main trusses are spaced 16 ft. centers. 
The intermediate trusses are carried on heavy trusses rigidly fastened to the main columns. The 
crane girdets are carried on crane columns that are fas’ened to the main columns by light lacing. 
This method of supporting heavy crane girders is the most satisfactory method yet proposed. 
The building is well lighted with glass in the side walls, and sky lights in the roof. More than 60 
per cent of the area of the external walls and roof is glazed. Many other interesting details can 
be obtained from the drawings. 
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STRESSES IN MILL BUILDING COLUMNS CARRYING CRANE LOADS.— The stresses 
produced in columns of mill buildings by crane loads eccentrically applied depend upon the method 
used in bracing the structure against lateral forces. If the kneebraces are omitted or only very 
small kneebraces are used, the columns are practically hinged at the top and the lateral thrust due 
to the eccentric crane loads must be carried to the ends of the building by the lateral bracing in the 
planes of the chords of the trusses. Proper bracing must then be provided in the end bents. 

If rigid kneebraces are provided the columns may be considered as fixed at the top and a 
transverse bent may be considered as carrying its load directly to the foundations. The lateral 
load will in reality be distributed between the direct path down the columns and the indirect path 
along the lateral bracing in the planes of the chords to the end bents. The portion carried by each 
route will depend upon the relative rigidity of the routes. Since the transverse bent is much more 
rigid than the lateral bracing, all of the load may be considered as carried by the transverse bent. 

In Fig. 6o three cases are considered. 

Case I. Columns Hinged at Base and Top. — This case is statically determinate. The 
lateral thrust is taken by the bracing in the plane of the chords and by the bracing in the end bents. 

Case II. Columns Hinged at Base and Fixed at Top. — Columns with constant cross-section. — 
The formulas for rigid frames were used, making the ratio of the moment of inertia of the truss to 
the moment of inertia of the column equal to infinity. The formula is sufficiently accurate when 
this ratio becomes as small as four, and is on the safe side. The distance h 19 measured to a point 
one-half way between the foot of the knee-brace and the top of the column. 

Case HI. Columns Hinged at the Base and Fixed at Top. Columns with variable cross- 
sections. — In this case the column has a different cross-section above and below the attachment 
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of the crane girder. The formulas for rigid frames were used, making the ratio of the moment of 
inertia of the truss to the moment of inertia of the column equal to infinity. The formula is 
sufficiently accurate with a ratio of four an^S is on the safe side. 

Case IV. Columns Fixed at Base and Fixed at Top.— Formulas for Case II and Case III 
may be used, the value of h being taken as the distance from the point of contraflexure to a point 
midway between the foot of the kneebrace and the top of the column. The point of contraflexure 
may be calculated by formula (4), Chapter XVI. 

Stresses in Rigid Frames. — Formulas for stresses in rigid frames with pin-connected columns, 
for different loadings are given in Chapter XVI . 



GENERAL SPECIFICATIONS FOR STEEL FRAME BUILDINGS.* 


BY 

MILO S. KETCHUM, 

M. Am. Soc. C. E. 

FOURTH EDITION. 

1921. 

PART 1. DESIGN. 

1. Height of Building. — The height of the building shall be the distance from the top of the 
masonry to the under side of the bottom chord of the truss. 

2. Dimensions of Building. — The width and length of the building shall be the extreme dis- 
tance out to out of framing or sheathing. 

3. Length of Span. — The length of trusses and girders in calculating stresses shall be con- 
sidere^d as the distance from center to center of end bearings when supported, and from end to 
end when fastened between columns by connection angles. 

4. Pitch of Roof. — The pitch of roof for corrugated steel shall preferably be not less than 
J (6 in. in 12 in.), and in no case less than J. For a pitch less than i some other eovering than 
corrugated steel shall be used. 

5. Spacing of Trusses. — Trusses shall be spaced so that simple shapes may be used for 
purlins. The spacing should be about 16 ft. for spans of, say, 50 ft. and about 20 to 22 ft. for 
spans ofj say, 100 ft. For longer spans than 100 ft. the purlins may be trussed and the spacing 
may be increased. 

6. Spacing of Purlins. — Purlins shall be spaced not to exceed 4 ft. 9 in. where corrugated 
steel is u^, and shall preferably be placed at panel points of the trusses. 

7. Form of Trusses. — The trusses shall preferably be of the Fink Upe with panels so sub- 
divided that panel points will come under the purlins. If it is not practicable to place the purlins 
at panel points, the upper chords of the trusses shall be designed to take both the flexural and 
direct stresses. Trusses shall preferably be rivetcxl trusses. 

Trusses supported on masonry walls shall have one end supported on sliding plates for spans 
up to 70 ft.; for greater len^hsof span, rollers or a rocker shall be used. No rollers with a 
diameter less than 4 in. shall De used. 

8. Bracing. — Roof trusses supported on masonry walls or on columns, and transverse bents 
shall be braced in pairs. The pairs of trusses and transverse bents shall have bracing in the planes 
of the top and bottom chords, and, unless rigidly braced by other means, shall have transverse 
bracing between the trusses located approximately at the third points of the lower chord. The 
pairs of trusses and transverse bents shall be connected by rigid bracing in the plane of the lower 
chords in line with the lower chords of the transverse bracing. Steel frame buildings without 
effective knee braces shall have diagonal bracing extending between all pairs of trusses so ar- 
ranged as to transmit the wind loads to the ends of the building, and the sides and the end bents 
shall be braced to transmit the wind loads. 

Bracing in the plane of the lower chords shall be stiff; bracing in the planes of the top chords, 
sides and ends may be made adjustable. 

9. Field Connections. — All field connections of the steel framework shall be riveted, except 
the connections of purlins and girts, which may be field-bolted. 

10. Proposals. — Contractors in submitting proposals shall furnish complete stress sheets, 
general plans of the proposed structures giving sizes of material, and such detail drawings as will 
clearly snow the dimensions of the parts, modes of construction and sectional areas. 

* Reprinted from the author’s “ Steel Mill Buildings,” Fourth Edition. 
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11. Detail Plans. — ^The successful contractor shall furnish all working drawings required by 
the engineer free of cost. Working drawings shall, as ftur as possible, be made on standard size 
sheets 24 in. X 36 in. out to out, 22 in. X 34 in. inside the inner border lines. 

12. Approval of Plans. — No work shall be commenced nor materials ordered until the working 
drawings are approved in writing by the engineer. The contractor shall be responsible for dimen- 
sions and details on the working plans^ and the approval of the detail plans by the engineer shall 
not relieve the contractor of this responsibility. 


PART II. LOADS. 

13. The trusses shall be designed to carry the following loads: 

14. DEAD LOADS. Weight of Trusses. — ^The weight of trusses per sq. ft. of horizontal 
projection, up to 150 ft. span, shall be calculated by the formula 




( 1 ) 


wliere W = weight of trusses per sq. ft. of horizontal projection; 

P = capacity of truss in pounds per sq. ft. of horizontal projection; 

L = span of the truss in feet; 

A = distance between trusses in feet. 

15. Weight of Covering. Corrugated Steel. — ^The weight of corrugated steel shall be taken 
from Table I. 


TABLE I. 


Weight op Flat, and Corrugated Steel Sheets with 2J-i\ch Corrugations. 


Gage No. 

Thickness 

in 

inches. 

Weight per Square (100 sq. It.) 

Flat Sheets. 

Corrugated Sheets. 

Black. 

Galvanized. 

Black Painted. 

Galvanized. 

l6 

.0625 

250 

266 

271 

286 

l8 

.0500 

200 

216 

217 

232 

20 

•037s 

150 

166 

163 

178 

22 

.0313 

125 


136 

151 

24 

.0250 

100 


no 

124 

26 

.0188 

75 


83 

98 

28 

.0156 

63 

79 

68 

85 


When two corrugations side lap and six in. end lap are used, add 20 per cent to the above 
weights; when one corrugation side lap and four in. end lap are used, add 15 per cent to the above 
weights to obtain weight of corrugated steel laid. For paint add 2 lb. per square. The w(*ight 
of covering shall be r^uced to weight per sq. ft. of horizontal projection before combining with 
the weight of trusses. 

16. Slate. — Slate laid with 3 in. lap shall be taken at a weight of 7^ lb. per sq. ft. of inclined 
roof surface for A in. slate 6 in. X 12 in., and 61 lb. per sq. ft. of inclined roof surface for Ar in. 
slate 12 in. X 24 in., and proportional for other sizes. 

17. Tile. — ^Terra-cotta tile roofing weighs about 6 lb. per sq. ft. for tile 1 in. thick; the actual 
weight of tile and other roof coverings not named shall be used. 

18. Sheathing and Purlins. — Sheathing of dry pine lumber shall be assumed to weigh 3 lb. 
per ft. and dry oak purlins 4 lb. per ft. board measure. 

19. Miscellaneous Loads. — ^The exact weight of sheathing, purlins, bracing, ventilators, 
cranes, etc., shall be calculated. 

20. SNOW LOADS. — Snow loads shall be assumed as follows: — For a latitude of 40® the 
snow load in lb. per sq. ft. of horizontal projection shall be; for roofs with J pitch (18® 15'), 25 lb.; 
I pitch (21® 47'), 20 lb.; } pitch (26® 340, 15 lb.; i pitch (33® ^') and over, 10 lb. For a latitude 
of 50® the snow load in lb. per sq. ft. of horizontal projection shall be; for roofs with J pitch and 
less, 60 lb.; i pitch, 40 lb.; J pitch, 30 lb.; J pitch, and over 20 lb. Snow loads for other lati- 
tude shall be taken proportional. 
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For Pacific coast and arid regions, use one-half of the snow loads above specified. 

All roofs shall be assumed to carry a minimum snow load or ice load of 10 lb. per sq. ft. of 
horizontal projection, at the time of maximum wind load. 

21. WIND LOADS. — ^The normal wind load on trusses shall be computed by Duchemin’s 
formula 


p _ p 2 sin A 
" 1 + sin*A 


( 2 ) 


where P„ = normal wind pressure per sq. ft.; A = angle of roof surface with horizontal, and 
P = 30 lb. per sq. ft.; except for exposed locations where P == 40 lb. per sq. ft. shall be used. 

Normal pressures for a horizontal wind pressure of 30 lb. per sq. ft. as calculated by Duche- 
min’s formula are given in Table II. 


TABLE II. 

Normal Wind Pressure on Roofs for Horizontal Wind Pressure of 30 lb. per sq. ft. 

BY Duchemin’s Formula, (2). 


ADgle of Roof with 
Horizontal. 

A 

Normal Pressure 
lb. per sq. ft. 

Pn 

Angle of Roof with 
Horizontal. 

A 

Normal Pressure 
lb. per sq. ft. 

P n 

5 ** 

S-I 


21.6 

10^^ 

10.2 

} pitch 

22.4 


I4.S 

30 ° 

24.0 

1 pitch 

17.2 

40° 

27.3 

20° 

18.3 

i pitch 

28.3 

i pitch 

20.0 

55° to 90° 

30.0 


The sides and ends of buildings shall be computed for a normal wind load of 20 lb. per 
sq. ft. of exposed surface for buildings 30 ft. and less to the eaves; 30 lb. per sq. ft. of expo^d 
surface for buildings 00 ft. to the eaves, and in proportion for intermediate heights. 

22. In steel frame buildings having efficient knee-braced bents and also so braced as to 
transmit wind loads through the planes of the upper and lower chords and sides and ends as in 
§ 8, the wind load may be assumed as taken equally by the two systems of bracing. In which 
case, the transverse bents may be designed to carry one-half the wind loads specified in § 21. 

23. The wind pressure on circular tanks or chimneys shall be taken as 20 lb. per sq. ft. on 
the vertical projection of the surface. 

24. Mine Buildings. — Mine, smelter and other buildings exposed to the action of corrosive 
gases shall have their dead loads increased 25 per cent. 

25. Live Loads. — Concentrated loads due to cranes, shafting, etc., shall be provided for. 
In addition to vertical loads due to cranes, the crane girders and the structure shall be designed 
to withstand a lateral or a transverse loading each equal to twenty per cent, of the lifting 
capacity of the crane, divided equally between all the wheels of the crane, and applied in the 
plane of the center of gravity of the top of the flange of the crane girder. 

20. Purlins. — Purlins shall be designed to carry the actual weight of the covering, roofing 
and purlins, but shall always be designed for a normal load of not less than 30 lb. per sq. ft., § 57. 

27. Girts. — Girts shall be designed for a normal load of not less than 20 lb. per sq. ft., § 57. 

28. Roof Covering. — Roof covering shall be designed for a normal load of not less than 30 
lb. per sq. ft. 

29. Minimum Loads. — No roof shall, however, be designed for an equivalent load of less 
than 30 lb. per sq. ft. of horizontal projection. 

30. Loads on Foundations. — ^The loads on foundations shall not exceed the following in 
tons per sq. ft. : 


Ordinary clay and dry sand mixed with clay 2 

Dry sand and dry clay 3 

Hard clay and firm coarse sand 4 

Firm coarse sand and gravel 5 

Shale rock 8 

Hard rock 20 
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For all soils inferior to the above, such as loam, etc., never more than one ton per 89. ft. 

31. Stresses in Masonry. — The allowable stresses in masonry when used in walls and 


foundations shall not exceed the following: 

Tons per 

Common brick, Portland cement mortar • 12 

Hard burned brick, Portland cement mortar 15 

Rubble masonry, Portland cement mortar . . 12 

First class masonry, crystalline sandstone or limestone 25 

First class masonry, granite 30 

Portla.id cement concrete, 1-3-5 20 

Portland cement concrete, 1-2-4 30 


Lb. per Sq. In. 

170 

210 

170 

350 

420 

280 

420 


32. Pressures on Masonry. — The pressure of column bases, beams, etc., on masonry shall 
not exceed the following in pounds per sq. in.: 


Brick w’ork with cement mortar 250 

Rubble masonry with cement mortar ' 250 

Portland cement concrete, 1-2-4 600 

First class dimension sandstone or limestone 400 

First class granite 600 


33. Loads on Timber Piles. — The maximum load carried by a pile shall not exceed 40,000 
lb., or 600 lb. per sq. in. of its average cross-section. The allowable load on piles driven with a 


drop hammer shall be determined by the formula 


p 2TF-A 

s + r 


Where P = safe load on pile 


in tons; TF = weight of hammer in tons; h = free fall of hammer in ft.; s = average penetration 
for the last six blows of the hammer in in. Where a steam hammer is used, is to be used in 
place of unity in the denominator of the right hand member of the formula. 

Piles shall have a penetration of not less than 10 ft. in hard material, such as gravel, and not 
less than 15 ft. in loam or soft material. 


PART III. ALLOWABLE UNIT STRESSES AND PROPORTION OF PARTS. 

34. Allowable Stresses. — In proportioning the different parts of the structure the maximum 
stresses due to the combinations of the dead and wind load; dead and snow load; or dead, mini- 
mum snow and wind load are to be provided for. Concentrated loads where they occur must be 
provided for. 

35. Impact. — For structures carrying cranes and traveling machinery, 25 per cent shall be 
added to provide for the effect of vibration and impact. 

36. Compressive Stress. — Allowable Unit Compressive Stress for Structural Steel. For 
direct dead, snow and wind loads 

5 = 16,000 - 70-i 

r 

where S = allowable unit stre^ in lb. per sq. in.; 

I « length of member in inches c. to c. of end connections; 
r = least radius of gyration of the member in inches. 

The maximum value of S shall be 14,000 lb. per sq. in. 

37. Tensile Stress. — Allowable Unit Tensile Stresses for Structural Steel. For direct dead, 
snow and wind loads. 

Lb. i>or Sq. In. 


Shapes, main members, net section 16,000 

Bars 16,000 

Bottom flanges of rolled beams 16,000 

Shapes, laterals, net section 20,000 

Steel bars for laterals 20,000 

38. Bending. — Bending; on extreme fibers of rolled shapes, built sections and girders; 

net section 16,000 

on cast iron 3,000 

on extreme fibers of pins 24,000 

39. Shearing. — Shearing; shop driven rivets and pins 12,000 

field driven rivets and turned bolts 10,000 

plate girder webs; net section 10,000 

cast iron 1,500 
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40. Bearing.— Bearing; shop driven rivets and pins 

field driven rivets and turned bolts 

cast iron 

granite masonry and Portland cement concrete 

sandstone and limestone 

expansion rollers; per lineal inch 

cast iron expansion rockers; per lineal inch 

where “d” is the diameter of the roller or rocker in inches. 


24.000 

20.000 
12,000 

600 
400 
, 600d 
300d 


Rivets shall not be used in direct tension, except for lateral bracing where unavoidable; in 
which case the value for direct tension on the rivet shall be taken the same as for single shear. 

Field bolls, when allowed, shall be spaced for stresses two-thirds those allowed for field rivets. 

41. Maximum Length of Compression Members. — No compression member shall have a 
length exceeding 125 times its least radius of gyration for main members, nor 150 times its least 
radius of gyration for laterals and sub-members. The length of a main tension member in which 
the stress is reversed by wind shall not exceed 150 times its least radius of gjTation. 

42. Maximum Length of Tension Members. — The length of riveted tension members in 
horizontal or inclined position shall not exceed 200 times their radius of gyration except for wind 
bracing, which members may have a length equal to 250 times the least radius of gyration. The 
distance center to center of end connections of the member is to be consider^ the effective 
length. 

43. Alternate Stress. — Members and connections subject to alternate stresses shall be 
designed to take each kind of stress. 

44. Combined Stress. — Members subject to combined direct and bending stresses shall be 
proportioned according to the following formula: 


^ ^ lOE 


where S == stress in lb. per sq. in. in e.xtreme fiber; 

P = direct load in lb.; 

A = area of member in sq. in.; 

M ~ bending moment in in.-lb.; 

c = distance from neutral axis to extreme fiber in inches; 

I — moment of inertia of member; 

I = length of member, or distance from point of zero moment to end of member in inches; 

E = modulus of elasticity = 30,000,000 lb. per sq. in. 

When combined direct and flexural stress due to wind is considered, 50 per cent may be 
added to the above allowable tensile and compressive stresses. 

When the combined stress due to oblique loading of purlins and girts is considered, 25 per 
cent may be added to allowable stresses. 

45. Stress Due to Weight of Member. — Where the stress due to the weight of the member or 
due to an eccentric load exceeds the allowable stress for direct loads by more than 10 per cent, the 
section shall be incrcascxi until the total stress docs not exceed the above allowable stress for 
direct loads by more than 10 per cent. 

46. Angles in Tension . — When single-angle members subject to direct tension are fastened by 
one leg, only seventy-five per cent of the net area shall be considered effective. Angles with lug 
angle connections shall not be considered as fastened by both legs. 

47. Net Section. — In members subject to tensile stresses full allowance shall be made for 
reduction of section by rivet-holes, screw-threads, etc. In calculating net area the rivet -holes 
shall be taken as having a diameter i in. greater than the normal size of rivet. 

The net section of riveted members shall be the least area which can be obtained by deducting 
from the gross sectional area the areas of holes cut by any plane perpendicular to the axis of the 
member and parts of the areas of other holes on one side of the plane, within a distance of 4 inches, 
and which are on other gage lines than those of the holes cut by the plane, the parts being deter- 
mined by the formula : 

. A(1 - p/4), 

in which A « the area of the hole, and 

p ** the distance in inches of the center of the hole from the plane. 
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48. Minimtim Sections. — The minimum thickness of plates shall be one-quarter (i) in., ex« 
cept for fiUers. Minimum angles shall be 2 in. by 2 in. by i in. The webs of channels shall 
have a minimum thickness of 0.18 in. The minimum thickness of connection plates of trusses 
shall be three-eight^ (i) in. The minimum thickness of metal in base plates of columns shall 
be five-eighths ( f) in. The minimum thickness of metal in head frames, rock houses, coal tip- 
ples, washers and breakers shall be five-sixteenths (A) in. except for fillers. No upset rods, except 
sag iwfe, may be less than five-eighths (j) in. in diameter. Sag rods may be as small as one-half 
(J) in. if the ends are properly upset. 

49. Initial Stress. — Laterals shall be designed for the maximum stresses due to 5,000 pounds 
initial tension and the maximum stress due to wind. 

50. Design of Plate Girders. — Plate girders shall be proportioned either by the moment of 
inertia of their net section; or by assuming that the flanges are concentrated at their centers of 
gravity, in which case one-eighth of the gross section of the web, if properly spliced, may be used 
as flange section. The thickness of web plates shall be not less than A nor less than 1/160 of 
the unsupported distance between flange angles. 

51. Compression Fl^ges. — Compression flanges of plate girders shall have at least the same 
sectional area as the tension flanges, and shall not have a stress per sq. in. on the gross area greater 
than 16,000 — 150 f/6, where I = unsupported distance, and b = width of flange, both in inches. 
Compression flanges of plate girders shall be stayed transversely when their length is more than 
thirty times their width. 

52. Web Stiffeners. — There shall be web stiffeners, generally in pairs, over bearings, at points 
of concentrated loading, and at other points where the thickness of the web is less than ^ of the 
unsupported distance between flange angles. The distance between stiffeners shall not exceed 
that given by the following formula, with a maximum limit of six feet (and not greater than the 
clear depth of the web) : d = t (12,000 — 5)/40. Where d — clear distance between stiffeners of 
flange angles; t = thickness of web; s = shear in lb. per sq. in. 

The stiffeners at ends and at points of concentrated loads shall be proportioned by the formula 
of paragraph 36, the effective length being assumed as one-half the depth of girder. End st iffenera 
and those under concentrated loads shall be on fillers and have their outstanding legs as wide as 
the flange angles will allow and shall fit tightly against them. Intermediate stiffeners may be 
offset or on fillers, and their outstanding legs shall be not less than one-thirtieth of the depth of 
girder, plus 2 in. 

53. Flsmge Rivets. — ^The flanges of plate girders shall be connected to the web with a sufficient 
number of rivets to transfer the total shear at any point in a distance equal to the effective depth 
of the girder at that point combined with any load that is applied directly on the flange. The 
wheel loads of crane girders shall be assumed to be distributed over 25 inches. The coefficient of 
friction of crane girder wheels on steel rails shall be taken as 0.20. 

54. Rolled Beams. — Rolled beams shall be proportioned by their moment of inertia. The 
depth of rolled beams in floors shall not be less than one-twentieth (^) of the span. Where 
rolled beams or channels are used as roof purlins the depths shall not oe less than one-fortieth 
(tV) of the span. When the unsupported length of rolled beams when used as girders exceeds 
20 times the width of flange, 6, the unit stress in the flange shall not exceed 16, OCX) — 150 l/b lb. 

55. Timber. — ^The allowable stresses in timber purlins and other timber shall be taken from 
Table III. 


TABLE III. 

Ajllowable Working Unit Stresses in Timber, in Pounds per Square Inch. 


Kind of Timber. 

Transverec 

Loading, 

3 . 

End 
Bear- 
ing, C, 

Columns 
Under 12 
Diameters 

Bearing 

Across 

Fiber. 

Sb€ 

Parallel 
to Grain. 

ar. 

Longitu- 
dinal Shcai 
in Beams. 

Modulus of 
Elasticity, 
E. 

White Oak 

1,500 

1,500 

1,200 

600 

260 

140 

1,200,000 

Long Leaf Yellow Pine 

1,500 

1,500 

1,200 

350 

220 

150 

1,500,000 

White Pine and Spruce 

1,200 

1,200 

960 

200 

125 

90 

1,200,000 

Western Hemlock 

1,400 

1,500 

1,200 

300 

200 

125 

1,500,000 

Douglas Fir 

1,500 

1,500 

1,200 

400 

210 

140 

1,200,000 


Columns may be used with a length not exceeding 40 times the least dimension. The unit 
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stress for 
formula: 


lengths of more than 12 times the least dimension shall be reduced by the following 


P 


C 


£.1 

md 


where C = unit stress, as given above for end bearing; 
P « allowable unit stress in lb. per sq. in.; 

I = length of column in inches; 
d least side of column in inches. 


PART IV. COVERING AND FLOORS. 

66. Corrugated Steel.-^orrugated steel shall generally have 2J in. corrugations when used 
for roof and sides of buildings, and li in. corrugations when used for lining buildings. The 
minimum gage of corrugated steel shall be No. 22 for roofs, No. 24 for sides, and No. 26 for lining. 

The gage of corrugated steel in U. S. standard gage and weight per sq. ft. shall be shown 
on the general plan. 

67. Spacing of Purlins and Girts. — The spacing, or center to center distance of purlins 
carrying a corrugated steel roof without sheathing, shall not exceed the distances given in Table 
IV for a safe load of 30 lb. per sq. ft. Girts for corrugated steel shall be spaced for a safe load of 20 
lb. per sq. ft. as given in Table IV. Corrugated steel sheets shall preferably span two purlin or 
girt spaces. When sag rods are provided as in § 58 and § 69, purlins and girts shall be designed 
to carry the normal loads with a maximum unit stress of 16,000 lb. per sq. in. 

TABLE IV. 

Maximum Spacing for Purlins and Girts Supporting Corrugated Steel. 


Gage of 

Steel, 

No. 

Sparing of Purlins and Girts. 

Purlins, 

30 lb. per sq ft. 

Girts, 

201b. peraq. ft. 

l6 

5 ft. 8 in. 

6 ft. 9 in. 

l8 

S ft. 2 in. 

6 ft. 2 in. 

20 

4 ft. 6 in. 

5 ft. 4 in. 

22 

4 ft. 2 in. 

5 ft. 0 in. 

24 

3 ft. 8 in. 

4 ft. 6 in. 


58. Sag Rods. — With a steel corrugated roof one sag rod, at the center, shall be used for 
purlin spans of 20 ft. or less, and two sag rods, spaced at the third points, for purlin spans of 
more than 20 ft. With clay tile, cement tile, slate, gypsum, or similar roofs, one sag rod shall be 
used for purlin spans of 14 ft. or less, and two sag rods spaced at the third points, for spans of more 
than 14 ft. Where one sag rod is used, the sag rod on each side of the roof in any panel shall be 
rigidly connected through the ridge purlins, \\licre two sag rods are used in any panel, each sag 
rod shall be rigidly connected with the peak of the nearest truss by means of a diagonal sag rod 
in the upper purlin space. Sag rods need not be used in roofs having a slope of 3 in. in 12 in., or 
less. With corrugated steel siding, one sag rod shall be used for all girt spacings of 20 ft. or less, 
and two sag rods spaced at third points for girt spacings of more than 20 ft. 

59. Sag rods shall be designed to carry the component of the dead load of the purlins and 
roof covering and the maximum snow load parallel to the roof surface, wdth a unit stress of 16,000 
lb. per sq. in. on net section. Sag rods for the sides shall be designed to carry the weight of the 
side framing and covering with the same allowable unit stresses as for sag rods for purlins. If sag 
rods are not upset the net section shall be taken as the section having a diameter J in. less than 
the diameter of the root of the thread. The minimum size of sag rods shall have a diameter of 
i in. if the ends are upset, or | in. if the ends are not upset. 

60. End and Side Laps. — Corrugated steel shall be laid with two corrugations side lap and 
six inches end lap when used for roohng, and one corrugation side lap and four inches end lap 
when used for siaing. / 

61. Fastening. — Corrugated steel shall be fastened to the purlins and girts by means of 

r Jvanized iron straps J in. wide by No. 18 gage, spaced 8 to 12 in. apart; by clinch nails spaced 
to 12 in. apart; or by nailing directly to spiking strips with 8d barbed nails, spaced 8 in. apart. 
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Spiking strips shall preferably be used with anti-condensation lining. Bolts, nails and nvets 
shall always pass through the top of corrugations. Side laps shall be riveted with copper or 
galvanized iron rivets 8 to 12 in. apart on the roof and li to 2 ft. apart on the sides. 

62. Corrugated Steel Lining. — Corrugated steel lining on the sides shall be laid with one 
x.ornigation side lap and four in. end lap. Girts for corrugated steel lining shall be spaced for a 
safe load of 20 lb. per sq. ft. as given in Table IV. 

63. Anti-Condensation Lining. — ^Anti-condensation roof lining shall be used to prevent 
dripping in engine houses and similar buildings, and shall be constructed as follows; — (1) Lay wire 
netting. No. 19, 2-in. mesh, transversely to the purlins, with edges 1 J in. ap^t, so that when laced 
together with No. 20 brass wire the netting will be stretched smooth and tight. 

(2) On the top of the netting lay asbestos paper weighing 30 lb. to the square of 100 sq. ft., 
allowing 3 in. for laps. For important work lay one or two thicknesses of building paper on top 
of the asbestos. 

(3) Lay the corrugated steel and fasten to purlins in the usual manner. 

If wood purlins are used the wire netting may be fastened to the nailing strip swith J in. 
staples. Where the purlins are more than 2 ft. 6 in. centers place a line of A io. bolts between 
purlins, about 2 ft. centers, with washers 1 in. X 4 in. X i in. to prevent netting from sagging. 

64. Flashing. — Valleys or corners around stacks shall have flashing extending at least 12 in. 
above where water will stand, and shall be riveted or soldered, if necessary, to prevent leakage. 

Flashing shall be provided above doors and windows. Flashing shall be made of steel not 
lighter than No. 20 gage. 

65. Ridge RoU. — All ridges shall have a ridge roll, the same thickness as the corrugated steel, 
securely fastened to the corrugated steel. 

66. Comer Finish. — All corners shall be covered with standard corner finish, the same thick- 
ness as the corrugated steel, securely fastened to the corrugated steel. 

67. Comice. — At the gable ends the corrugated steel on the roof shall be securely fastened 
to a finish angle or channel connected to the end of the purlins, or, where molded cornices are used, 
to a piece of timber fastened to the ends of the purlins. Cornice shall be made of steel not lighter 
than No. 20 gage. 

68. Gutters and Conductors. — Gutters and conductors shall be furnished at least equal to 
the requirements of the following table: 


Span of Roof. Gutter. 

Up to 50 ft. 6 in. 

50 ft. to 70.ft. 7 in. 

70 ft. to 100 ft. 8 in. 


Conductor. 

4 in. every 40 ft. 

5 in. every 40 ft. 
5 in. every 40 ft. 


Gutters shall have a slope of at least 1 in. in 15 ft. Gutters and conductors shall be made 
of galvanized steel not lighter than No. 20 gage. 

69. Ventilators. — Ventilators shall be provided and located so as to properly ventilate the 
building. They shall have a net opening for each 100 sq. ft. of floor space as follows: not less 
than one-fourth sq. ft. for clean machine shops and similar buildings; not less than one sq. ft. 
for dirty machine shops; not less than four sq. ft. for mills; and not less than six sq. ft. for forge 
shops, foundries and smelters. 

70. Shutters and Louvres. — Openings in ventilators shall be provided with shutters, sash, 
or louvres, or may be left open as specified. 

Shutters must be provided with a satisfa'^tory device for opening and closing. 

Louvres must be designed to prevent the blowing in of rain and snow, and must be made 
stiff so that no appreciable sagging will occur. They shall be made of not less than No. 20 gage 
galvanized steel for flat louvres, and No. 24 gage galvanized steel for corrugated louvres. 

71. Circular Ventilators. — Circular ventilators, when used, must be designed so as to prevent 
down drafts. Net opening only shall be used in calculations. 

72. Windows and Skylights. — Where buildings are lighted by windows the clear window 
area rfiall not be less than 20 per cent of the floor area, nor less than 10 per cent of the area of the 
entire exterior surface in mill buildings, nor less than 20 per cent of the area of the entire exterior 
surface in machine shops, factories and other buildinra in which men are required to work at 
machines. Skylights shall be used where the required window area cannot be provided in the 
sides and ends of buildings. 

Where buildinm are lighted by windows having the sills not more than 4 ft. above the floor, 
the span of the building shall not exceed 2 times the hei^t of the top of the windows where buildings 
are lighted by windows in one side, or 4 times the heifi^t of the top of the windows where building 
are lighted by windows in both sides. Where tks span of the building is greater than is permitt^ 
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by the preceding requirement, the necessary illumination shall be provided either by prism glass 
in side walls or by skylights. Skylights shall have such an area and shall be so arranged that 
light coming through the skylight making an angle of not more than 45® with the vertical shall 
cover the entire horizontal area at a distance of 6 feet above the floor; or the light may be diffused 
by means of ribbed glass or prisms or by reflection from the ceiling to obtain equally satisfactory 
illumination. In saw tooth roofs the inner surface of the roof shall be light color^ or shall be 
painted with a paint that will reflect the light and make the illumination uniform and effective. 
All windows or skylights admitting direct sunlight shall be provided with muslin or other satis- 
factory shades. 

73. Skylights. — Skylights shall be glazed with wire glass, or wire netting shall be stretched 
beneath the skylights to prevent the broken glass from falling into the building. Where there is 
danger of the skylight glass being broken by objects falling on it, a wire netting guard shall be 
provided on the outside. 

Skylight glass shall be carefully set, special care being used to prevent leakage. Leakage 
and condensation on the inner surface of the glass shall be carried to the down-spouts, or outside 
the building by condensation gutters. 

74. Wood Sash. — Window glass set in wood sash up to 12 in. X 14 in. may be single strength, 
over 12 in. X 14 in. the ghiss shall be double strength. Window glass shall be A grade except in 
flmelters, foundries, forge shops and similar structures, where it may be B grade. The sash and 
frames shall be constructed of white pine. Where buildings are exposed to fire hazard the windows 
shall have wire glass set in metal sash and frames. 

Windows with wood sash in sides of buildings shall be made with counter-balanced sash, and 
in ventilators shall be made with sliding or swing sash. All swinging windows shall be provided 
with a satisfactory operating device. 

75. Wire Glass. — Wire glass shall have a thickness of not less than i in. The wire mesh 
shall be not larger than i in., and the thi(‘kness of the wire shall not be less than No. 24 B. & S. 
gage for single wire, or No. 27 B. & S. gage for twisted double wire. The wire shall be practically 
midway between the two surfaces of glass. Lights shall not have a greater area than 720 sq. in., 
or more than 54 in. vertical and 48 in. horizontal. Lights of glass shall preferably be 12 in. by 
18 in. or 14 in. by 20 in. The selvage shall be removed from the glass before setting. The 
bearing of glass in grooves shall not be less than I in. at all points, and there shall be a clearance of 
i in. between the edge of the glass and the frame. 

76. Steel Sash. — Steel sash shall be made with solid sections. The maximum size of steel 
sash shall be 100 sq. ft, where no ventilators are used, and 70 sq. ft. where ventilators occupy two- 
thirds of the window area and proportional for intermediate amount of ventilators. Steel sash 
shall be glazed with special glazing clips and with glazing putty. All sash shall be provided with 
locking devices, and other hardware as specified. 

77. Doors. — Doors are to be furnished as specified and are to be provided with hinges, tracks, 
locks, and bolts. Single doors up to 4 ft. and double doors up to 8 ft. shall preferably be swung 
on hinges; large doors, double and single, shall be arranged to slide on overhead tracks, or may 
be counterbalanced to lift up between vertical guides. 

Steel doors shall be firmly braced. Unless otherwise specified, steel doors shall be covered 
with No. 24 corrugated steel with li in. corrugations. 

The frames of sandwich doors shall be made of two layers of J in. matched white pine, placed 
diagonally and firmly nailed with clinch nails. The frame shall be covered on each side with a 
layer of No. 24 corrugated steel with l \ in. corrugations. Locks and all other necessary hardware 
shall be furnished for all windows and doors. 

78. TAR AND GRAVEL ROOF. — Tar and gravel roofs are called three-, four-, five-ply, 
etc., depending upon the number of layers of roofing felt. Tar and gravel roofs may be laid upon 
timber sheathing or upon concrete or gypsum slabs. 

79. Specifications for Five-Ply Tar and Gravel Roof on Board Sheathing. — The materials 
used in making the roof are one (1) thickness of sheathing paper or unsaturated felt, five (5) 
thicknesses of saturated felt weighing not less than fifteen (15) pounds per square of one hundred 
(100) square feet, single thickness, and not less than one hundr^ and fifty (150) pounds of pitch, 
and not less than four hundred (400) pounds of gravel or three hundred (300) pounds of slag from 
J to t in. in size, free from dirt, per square of one hundred (100) square f^t of completed roof. 

80. The material shall be applied as follows: First, lay the sheathing or unsaturated felt, 
lapping each sheet one inch over the preceding one. Second, lay two (2) thicknesses of tarred 
felt, lapping each sheet seventeen (17) inches over the preceding one, nailing as often as may be 
necessary to hold the sheets in place until the remaining felt is applied. Third, coat the entire 
surface of this two-ply layer with hot pitch, mopped on uniformly* Fourth^ apply three (3) 
thicknesses of felt, lapping each sheet twenty- two (22) inches over the preceding one, mopping 
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with hot pitch the full width of the 22 inches between the plies, so that ill no case shall felt touch 
felt. Such nailing as is necessary shall be done so that all nails will be covered by not less than 
two plies of felt. Fifth, spread over the entire surface of the roof a uniform coating of pitch, into 
whicn, while hot, imbed the gravel or slag. The gravel or slag in all cases must be dry. 

81. Specifications for Five-Ply Tar and Gravel Roof on Concrete Sheathing. — The materials 

r A I r i 1 




of sheathing paper or unsaturated felt may be omitted. 

82. The materials shall be applied as follows: First, coat the concrete with hot pitch, mopped 
on uniformly. Second, lay two (2) thicknesses of tarred felt, lapping each sheet seventeen (17) 
inches over the preceding one, and mop wdth hot pitch the full width of the 17-inch lap, so that 
in no case shall felt touch felt. Third, coat the entire surface with hot pitch, mopped on uniformly. 
Fourth, lay three (3) thicknesses of felt, lapping each sheet twenty-two (22) inches over the 
preceding one, mopping with hot pitch the full width of the 22-inch lap between the plies, so that 
in no case shall felt touch felt. Fifth, spread the entire surface of the roof with a uniform coat 
of pitch, into which, while hot, imbed gravel or slag. 

Tar and gravel roof shall be laid on g>'psum sheathing in the same manner as on concrete 
sheathing. 

83. SPECIFICATIONS FOR CEMENT FLOOR ON A CONCRETE BASE. Materials.— 

The cement used shall be first-class Portland cement, and shall pass the standards of the American 
Society for Testing Materials. The sand for the top finish shall be clean and sharp and shall be 
retained on a No. 30 sieve and shall have paased the No. 20 sieve. Broken stone for the top finish 
shall pass a J in. screen and shall be retained on the No. 20 screen. Dust shall be excluded. The 
sand for the base shall be clean and sharp. The aggregate for the base shall be of broken stone or 
gravel and shall pass a 2 in. ring. 

Base. —On a thoroughly tamped and compacted subgrade the concrete for the base shall 
be laid and thoroughly tamp^. 7 The base shall not be loss than 2 \ in. thick. Concrete for the 
base shall be thoroughly mixed With sufficient water so that some tamping is required to bring the 
moisture to the surface. If ola concrete is used for the base the surface shall be roughened and 
thoroughly cleaned so that new mortar will adhere. The roughened surface of old concrete 
shall then be thoroughly wet so that the bjise will not draw water from the finish when the latter 
is applied. Before scrubbing the base w'ith grout the excess water shall be removed. 

85. Finish. — With old concrete the surface of the bjise shall first be scrubbed with a thin 
grout of pure cement, rubbed in with a broom. On top of this, bt^fore the thin coat is set, a coat 
of finish mixed in the proportions of one part Portland cement, one part stone broken to pass a 
} in. ring, and one part sand shall be troweled cn, using as much pressure as possible, so that it will 
^ke a firm bond. After the finish has been applied to the desired thickness, preferably 2 in., 
it should be screeded and floated to a true surface. Between the time of initial and final set it 
shall be finished by skilled workmen with steel trowels and shall be worked to final surface. Under 
no condition shall a dryer be used, nor shall water be added to make the material work easily. 

86. SPECIFICATIONS FOR WOOD FLOOR ON A TAR CONCRETE BASE. Floor 
Sleepers. — Sleepers for carrying the timber floor shall be 3 in. X 3 in. placed 18 in. c. to c. After 
the subgrade has been thoroughly tamped and rolled to an elevation of 41 in. below the tops of the 
sleepers, the sleepers shall be placed in fwsition and supported on stakes driven in the subgrade. 
Before depositing the tar concrete the sleepers must be brought to a true level. 

87. Tar Concrete Base. — ^The tar concrete base shall be not less than 4i in. thick and shall 
be laid as follows: First, a layer three (3) inches thick of coarse, screened gravel thoroughly mixed 
with tar, and tamped to a hard level surface. Second, on this bed spread a top dressing 11 inches 
thick of sand heated and thoroughly mixed with coal tar pitch, in the proportions of one (1) part 
pitch to three (3) parts tar. The gravel, sand and tar shall be heated to from 200 to 300 degrees F., 
and shall be thoroughly mixed and carefully tamped into place. 

88. Plank Sub-Floor. — The floor plank shall be of sound hemlock or pine not less than 2 
inches thick, planed on one side and one edge to an even thickness and width. The floor plank 
is to be toe-nailed with 4 in. wire nails. 

89. Finished Flooring. — ^The finished flooring is to be of maple of clear stock, 1-in. finished 
thickness, thoroughly air and kiln dried and not over 4 inches wide. The floor is to be planed to 
an even thickness, the edges jointed, and the underside channeled or ploughed. The finished 
fl<»r is to be laid at right angles to the sub-floor, and each board neatly fitted at the ends, breaking 
joints at random. The floor is to be final nail^ wdth 10 d. or 3-in. wrire nails, nailed in diagonal 
rows 16 inches ^rt across the boards, with two (2) nails in each row in every board. The floor 
to be finished oft perfectly smooth on completion. 

00. The finished flooring is not to be taken into the building or laid until the tar concrete 
base and sub-floor plank are thoroughly dried. 
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PART V. DETAILS OF CONSTRUCTION. 

91. Details. — All connections and details shall be of sufficient strength to develop the full 
strength of the member. 

92. Pitch of Rivets. — The minimum distance between centers of rivet holes shall be three 
diameters of the rivet; but the distance shall preferably be not less than 3 in. for j-in. rivets, 
2J in. for J-in. rivets, and 2 in. for J-in. rivets. The maximum pitch in (he lines of stress for 
members composed of plates and shapes shall be 16 times the thickness of the thinnest outside 
plate or 6 in. For angles with two gage lines and rivets staggered, the maximum shall be twice 
the above in each line. Where two or more plates are used in contact, rivets not more than 12 in. 
apart in either direction shall be used to hold the plates well together. 

93. Edge Distance.— The minimum distance from the center of any rivet hole to a sheared 
edge shall be IJ in. for J-in. rivets, IJ in. for i-in. rivets, and IJ in. for J-in. rivets, and to a rolled 
edge M, IJ and 1 in., respectively. The maximum distance from any edge shall be eight times 
the thickness of the plate, but shall not exceed 6 in. 

94. Maximum Diameter. — The diameter of the rivets in any angle carrying calculated stress 
shall not exceed one-quarter the width of the leg in which they are driven. In minor parts J-in. 
rivets may be used in 3-in. angles, J-in. rivets in 21-in. angles, and J-in. rivets in 2-in. angles. 

95. Long Rivets. — Rivets carrying calculated stress and whose grip exceeds four diameters 
shall be increased in number at least one per cent for each additional A hi. of grip. 

96. Pitch at Ends. — The pitch of rivets at the ends of built compression members shall not 
exceed four diameters of the rivets, for a length equal to one and one-half times the maximum 
width of member. 

97. Diameter of Pimch and Die. — The diameter of the punch and die shall be as speciBed 
in § 157. 

98. Connections. — All connections shall be of sufficient strength to develop the full strength 
of the niember. No connections except for lacing bars shall have less than two rivets. All field 
connections except lacing bars shall have not less than three rivets. 

99. Flange Plates. — The flange plates of all girders shall not extend beyond the outer line 
of rivets connecting them to the angles more than 6 in. nor more than eight times the thickness 
of the thinnest plate. 

100. Web Stiffeners. — Web stiffeners shall be in pairs, and shall have a close fit against flange 
angles. The stiffeners at the ends of plate girders shall have filler plates. Intermediate stiffeners 
may have fillers or be crimped over the flange angles. The rivet pitch in stiffeners shall not be 
greater than 5 in. 

101. Web Splices. — Web plates shall be spliced at all points by a plate on each side of the 
web, capable of transmitting the shearing and bending stresses through the splice rivets. 

102. Riveted Tension Members. — Pin connected riveted tension members shall have a net 
section through the pin hole 25 per cent in excess of the required net section of the member. 
The net section back of the pin hole in line of the center of the pin shall be at least 0.75 of the 
net section through the pin hole. 

103. Upset Rods. — All rods with screw ends, except sag rods, must be upset at the ends so that 
the diameter at the base of the threads shall be ii^^h larger than any part of the body of the bar. 

104. Upper Chords. — Upper chords of trusses shall have symmetrical cross-sections, and shall 
preferably consist of two angles back to back. 

105. Compression Members, — All other compression members for roof trusses, except sub- 
struts, shall be composed of sections symmetrically placed. Sub-struts may consist of a single 
section. 

106. Columns. — Side posts which take flexure shall preferably be composed of 4 angles and a 
plate. In calculating the least moment of inertia of columns made of 4 angles and a web plate, 
the web plate may be omitted. Where side posts do not take flexure and carry heavy loads they 
shall preferably be composed of two channels laced, or of two channels with a center diaphragm. 

107. Posts in end framing shall preferably be composed of I-beams or 4 angles laced. Corner 
columns shall preferably be compost of one angle. 

108. Crane Posts. — The cross-bending stress due to eccentric loading in coluinns carrying 
cranes shall be calculated. Crane girders carrying heavy cranes shall be carried on independent 
columns. 

109. Batten Plates. — ^The open sides of all compression members shall be stayed by batten 
plates at the ends and diagonal lattice-work at intermediate point-s. The batten plates must be 
placed as near the ends as practicable, and shall have a length not less than the greatest width of 
the member or 1 1 times its least width. 
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110. Lacing Bars. — ^The lacing of compression menabers shall be proportioned to resist a 
shearing stress of 2 J per cent of the direct stress. The minimum width of lacing bars shall be If 
in, for members 6 in. m width, 2 in. for members 9 in. in width, 21 in. for members 12 in. in width, 
2J in. for members 15 in. in width, or 3 in. for members 18 in. and over in widtn. Single lacing 
bars shall have a thickness not less than one-fortieth, or double lacing bars connected by a rivet 
at the intersection, not lees than one-sixtieth of the distance between the rivets connecting them 
to the members. They shall be inclined at an angle not less than 60° to the axis of the member 
for single lacing, nor less than 45° for double lacing with rivet^ intersections. Lacing bars shall 
be so spacea that the portion of the flange included between their connection shall be as strong as 
the member as a wWe. The pitch of the lacing bars must not exceed the width of the channel 
plus nine inches. 

111. Pin Plates. — All pin holes shall be reinforced by additional material when necessary, so 
as not to exceed the allowable pressure on the pins. These reinforcing plates must contain enough 
rivets to transfer the proportion of pressure which comes upon them, and at least one plate on each 
side shall extend not less than 6 in. beyond the edge of the batten plate. 

112. Splices. — In compression members joints with abutting faces planed shall be placed as 
near the panel points as possible, and must be spliced on all sides with at least two rows of rivets 
on each side of the joint. Joints with abutting faces not planed must be fully spliced. 

113. Splices. — ^Joints in tension members shall be fully spliced. 

114. Tension Members. — Tension members shall preferably be composed of angles or 
shapes capable of taking compression as well as tension. Flats riveted at the ends shall not be 
used. 

115. Main tension members shall preferably be made of 2 angles, 2 angles and a plate, or 2 
channels laced. Secondary tension members may be made of a single shape. 

116. Eye-Bars. — Heads of eye-bars shall be so proportioned as to develop the full strength 
of the bar. The heads shall be forged and not welded. 

117. Pins. — Pins must be turned true to size and straight, and must be driven to place by 
means of pilot nuts. 

The diameter of pin shall not be less than J of the depth of the widest bar attached to it. 

The several members attached to a pin shall be packed so as to produce the least bending 
moment on the pin, and all vacant spaces must be filled with steel or cast iron fillers. 

118. Bars or Rods. — Long laterals may be made of bars with clevis or sleeve nut adjustment. 
Bent loops shall not be used. 

119. Spacing Trusses. — Trusses shall preferably be spaced so as to allow the use of single 
pieces of rolled sections for purlins. Trussed purlins shall be avoided if possible. 

120. Purlins and Girts. — Purlins and girts shall preferably be composed of single sections — 
channels, angles or Z-bars, placed with web at right angles to the trusses and posts and legs turned 
down. 

121. Fastening. — Purlins and girts shall be attached to the top chord of trusses and to 
columns by means of angle clips with two rivets or two bolts in each leg. 

122. Spacing. — Purlins for corrugated steel without sheathing shall be spaced at distances 
apart not to exceed the span as given for a safe load of 30 lb., and girts for a safe load of 20 lb. 
as given in Table IV. 

123. Timber Purlins. — Timber purlins and girts shall be attached and spaced the same as 
steel purlins. 

124. Base Plates. — Base plates shall never be less than | in. in thickness, and shall be of 
sufficient thickness and size so that the pressure on the masonry shall not exceed the allowable 
pressures in § 32. 

125. Cast Rockers. — The details of cast iron rockers shall be subject to the special approval 
of the engineer. The vertical webs of cast iron rockers and pedestals shall be aesigncfl for an 
allowable unit stress of 9,000 — 40 //r, where I = height and r « radius of gyration of vertical 
web, both in inches. 

126. Anchors. — Columns shall be anchored to the foundations by means of two anchor 
bolts not less than 1 in. in diameter upset, place(l as wide apart as practicable in the plane of the 
wind. The anchorage shall be calculated to resist one ana one-half times the bending moment 
at the base of the columns. 

127. Lateral Bracing. — Lateral bracing shall be provided in the plane of the top and bottom 
chords, sides and ends; knee braces in the transverse bents; and sway bracing wherever necessary, 
see § 8. Lateral bracing shall be designed for an initial stress of 5,000 lb. in each member, ana 
provision must be made for putting this initial stress into the members in erecting. 
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128. Temperature. — No special provision shall be made for changes in temperature in the 
length and width of a buildin^^ with a steel frame, except in glazed roofs where expansion ioints 
shall be provided by bolting joints about every 30 ft. Where trusses rest on masonry walls slotted 
holes shall be provided in the end bearing plates, and in the purlins and roof covering to pro- 
vide for a variation in temperature of 150® F. In crane runways or similar structures changes in 
length due to a variation in temperature of 150® F. shall be provided for either by means of 
slotted holes, or in calculating the stresses. 

PART VI. MATERIALS. 

129. Process of Manufacture. — Structural steel shall be made by the open-hearth process. 

130. Chemical Composition. — The steel shall conform to the following requirements as to 
chemical composition; 


Structural Steel. Rivet Steel. 

Phosphorus not over 0.06 per cent not over 0.06 per cent 

Sulfur 0.045 “ 


131. Ladle Analyses. — An analysis of each melt of steel shall be made by the manufacturer 
to determine the percentages of carbon, manganese, phosphorus and sulfur. This analysis shall 
be made from a test ingot taken during the pouring of the melt. The chemical composition thus 
determined shall be reported to the purchaser or his representative, and shall conform to the 
requirements specified in § 130. 

132. Check Analyses. — Analyses may be made by the purchaser from finished material 
representing each melt. The phosphorus and sulfur content thus determined shall not exceed 
that specified in § 130 by more than 25 per cent. 

133. Tension Tests. — (a) The material shall conform to the following requirements as to 
tensile properties: 


Properties Considered. 

Structural Steel. 

Rivet Steel. 

Tensile strength, lb. per sq. in 

55,000-65,000 

46,000-56,000 

Yield point, min., lb. per sq. in 

0.5 tens. str. 

0.5 tens. str. 

Elongation in 8 in., min., per cent 

1,400,000* 

1,400,000 

Elongation in 2 in., min., per cent 

Tens. str. 

22 

Tens. str. 


♦ See § 134. 

(6) The yield point shall be determined by the drop of the beam of the testing machine. 

134. Modifications in Elongation. — (a) For structural steel over } in. in thickness, a deduc- 
tion of 1 from the percentage of elongation in 8 in. specified in § 133(a) shall be made for each 
increase of J in. in thickness above i in., to a minimum of 18 per cent. 

(6) For structural steel under A thickness, a deduction of 2.5 from the percentage of 
elongation in 8 in. specified in §*l^(a) shall be made for each decrease of in. in thickness 
below A 

135. Bend Tests. — (a) The test specimen for plates, shapes and bars, except as specified in 
paragraphs (6) and (c), shall bend cold through 180 deg. without cracking on the outside of the 
Dent portion, as follows: For material J in. or under in thickness, flat on it-self; for material over 
1 in. to and including 1 J in. in thickness, around a pin the diameter of which is equal to the thick- 
ness of the specimen; and for material over IJ in. in thickness, around a pin the diameter of which 
is equal to twice the thickness of the specimen. 

(6) The test specimen for pins, rollers and other bars, when prepared as specified in 
§ 136(c), shall bend cold through 180 deg. around a 1-in. pin without cracldng on the outside of 
the bent portion. 

(c) The test specimen for rivet steel shall bend cold through 180 deg. flat on itself without 
crad&ing on the outside of the bent portion. 

(Note. — ^These Specifications for structural steel conform with Specifications for Structural 
Steel for Buildings adopted by American Society for Testing Materials, except that Bessemer 
steel is not permitted.) 
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136. Tert Specimens. — (a) Tension and bend test specimens shall be taken from rolled steel 
in the condition in which it comes from the rollsj except as specified in paragraph (6). 

(5) Tension and bend test specimens for pins and rollers shall be taken from the finished 
bars, after annealing when annealing is specified. 
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Fig. 1. 


(c) Tension and bend test specimens for plates, shapes and bars, except as specified in 
paragraphs (d), (e) and (/), shall be of the full thickness of material as rolled; and may be 
machin^ to the form and dimensions shown in Fig. 1, or with both edges parallel. 

(d) Tension and bend test specimens for plates over 1 J in. in thickness may be machined 
to a thickness or diameter of at least J in. for a length of at least 9 in. 

(c) Tension test specimens for pins, rollers and bars over 1 J in. in thickness or diameter may 
conform to the dirnensions shown in Fig. 2. In this case, the ends shall be of a form to fit the 
holders of the testing machine in such a way that the load shall be axial. Bend test specimens 
may be 1 by i in. in section* The axis of the specimen shall be located at any point midway 
between the center and surface and shall bo parallel to the axis of the bar. 

(/) Tension and bend test specimens for rivet steel shall be of the full-size section of bars 
as rolled. 

137. Number of Tests. — (a) One tension and one bend test shall be made from each melt: 
except that if material from one melt differs i in. or more in thickness, one tension and one bend 
test shall be made from both the thickest and the thinnest material rolled. 



(b) If any test specimen shows defective machining or develops flaws, it may be discard^ 
and another specimen substituted. 

(c) If the percentage of elonption of any tension test specimen is less than that specified 
in Section 133(a) and any part of the fracture is more than } in. from the center of the gage length 
of a 2-in. specimen or is outside the middle third of the gage length of an 8-in. specimen, as indicated 
by scribe scratches marked on the specimen before testing, a retest shall be allowed. 

138. Permissible Variations. — The cross-section or weight of each piece of steel shall not 
vary more than 2.5 per cent from that specified; except in the case of sheared plates, which shall 
be covered by the following permissible variations. One cubic inch of rolled steel is assumed to 
weigh 0.2833 lb. 

(a) When Ordered to Weight 'per Square Fool: The weight of each lot ' in each shipment 
shall not vary from the weight ordered more than the amount given in Table V. 

^ The term ^*lot applied to Table V means all of the plates of each group width and group 

weight. 
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TABLE V. 


Permissible Variations of Plates Ordered to Weight. 


Ordered 

Weight, 

Lb. per Sq. Ft. 

Permissible Variations in Average Weights per Square 

Foot of Plates for Widths Given, 

Expressed in Percentages of Ordered Weights. 

Ordered 
Weight, • 
Lb. per Sq. Ft. 

Under 
48 in. 

48 to 
coin., 
excl. 

60 to 
72 in, 
excl. 

72 to 
84 in , 
excl. 

84 to 
96 in , 
excl. 

96 to 
108 in , 
excl. 

108 to 
120 in., 
excl. 

120 to 

132 in., 
excl. 

132 in. 
or 

over. 

Under 5 . . . 

c 

lA 

5-5 

1 

6 

•J 

7 

1 




! . . . 




Under 5 

5 to 7.5 ex- 

j 

J 

j 















S to 7.'s ex- 

elusive. . . . 

4-5 


•5 

3 

S-S 

3 

6 

3 











elusive 

7.5 to 10 ex- 














7.5 to 10 ex- 

elusive .... 

4 

3 

4*5 

3 

5 

3 

5-5 

3 

6 

3 

7 

3 

8 

3 





elusive 

10 to 12.5 ex- 



















10 to 12.5 ex- 

elusive. . . . 

3-5 

2.5 

4 

3 

4.5 

3 

5 

3 

5-5 

3 

6 

3 

7 

3 

8 

3 

9 

3 

elusive 

12.5 to 15 ex- 



















12.5 to 15 ex- 

clusive .... 

3 

2.5 

3-5 

2.5 

4 

3 

4.5 

3 

5 

3 

5.5 

3 

6 

3 

7 

3 

8 

3 

clusive 

15 to 17.5 ex- 



















15 to 17.5 ex- 

elusive .... 

2.S 

2.5 

3 

2.5 

3-5 

2.5 

4 

3 

4.5 

3 

5 

3 

5-5 

3 

6 

3 

7 

3 

clusive 

17.5 to 20 ex- 



















17.5 to 20 ex- 

elusive. . . . 

2.5 

2 

2.5 

2.5 

3 

2.5 

3-5 

2.5 

4 

3 

45 

3 

5 

3 

5.5 

3 

6 

3 

clusive 

20 to 25 ex- 



















20 to 25 ex- 

clusive. . . . 

2 

2 

2.5 

2 

2.5 

2.5 

3 

2.5 

3.5 

2.5 

4 

3 

4.5 

3 

5 

3 ' 

5 -S 

3 

clusive 

25 to 30 ex- 



















25 to 30 ex- 

clusive. . . . 

2 

2 

2 

2 

2.5 

2 

2.5 

2.5 

3 

2.5 

3-5 

3 

4 

3 

4-5 

3 

5 

3 

clusive 

30 to 40 ex- 



















30 to 40 ex- 

clusive. . . . 

2 

2 

2 

2 

2 

2 

2-5 

2 

2.5 

2.5 

■3 

2.5 

3.5 

3 

4 

3 

4*5 

3 

clusive 

40 or over . . . 

2 

2 

2 

2 

2 

2 

2 

2 

J.: 3 - 


12.5 

2.5 

. 3 __ 

LiiS 

J;5 

3 

Jl. 

_. 3 _ 

40 or ovet 


Note. — The weight per square foot of individual plates shall not vary from the ordered weight 
by more than i i limes the amount given in this table. 


(b) When Ordered to Thickness: The thickness of each plate shall not vary more than 0.01 
in. under that ordered. 

The overweight of each lot * in each shipment shall not exceed the amount given in Table VI.. 

* The term ^‘lot applied to Table VI means all of the plates of each group width and group 
thickness. 


TABLE VI. 


Permissible Overweights of Plates Ordered to Thickness. 


Ordered 

Thickness, 

in. 

Permissible Excess in Average Weights per 

Square Foot of Plates for Widths Given, 

Expressed in Percentages of Nominal Weights. 

Ordered 

Thickness, 

in. 

Under 
48 in. 

48 to 
60 in., 
excl. 

60 to 
72 in., 
cxol. 

72 to 
84 in , 
excl 

84 to 
96 in , 
excl 

96 to 
108 in , 
excl 

108 to 
120 in , 
excl. 

120 to 
132 in., 
excl. 

132 in. 
or 

over. 

Under J 

9 

10 

12 

H 






Under J 

i to A excl. 

8 

9 

10 

12 







A “ i “ 

7 

8 

9 

10 

12 



.*• 


A “ t “ 

i ■■ A “ 

6 

7 

8 

9 

10 

12 

14 

16 

19 

i “ A “ 

A " 1 “ 

5 

6 

7 

8 

9 

10 

12 

14 

17 

A “ i 

i “ A “ 

4.5 

S 

6 

7 

8 

9 

10 

12 

15 

i ;; ^ “ 


4 

45 

S 

6 

7 

8 

9 

10 1 

13 



3-5 

4 

4*5 

s 

6 

7 

8 

9 

11 

i .. 1 << 

I * 

3 

3-5 

4 

4-5 

5 

6 

7 

8 

9 

f i 

f " I “ 

2.5 

3 

3-5 1 

4 

4*5 

5 

6 

7 

8 

i “ I 

I or over 

2-S 

2.5 

3 ' 

3-5 

4 

4-S 

S 

6 

7 

I or over 
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139. Finish. — The finished material shall be free from injurious defects and shall have a 
workmanlike finish. 

140. Marking. — The name or brand of the manufacturer and the melt number shall be 
legibly stamped or rolled on all finished material, except that rivet and lattice bars and other small 
sections shall, when loaded for shipment, be proi)eny separated and marked for identification. 
The identification marks shall be legibly stamped on the end of each pin and roller. The melt 
number shall be legibly marked, by stamping if practicable, on each test specimen. * 

141. Inspection. — The inspector representing the purchaser shall have free entry, at all 
times while work on the contract of the purchaser is being performed, to all parts of the manu- 
facturer’s works which concern the manufacture of the material orderea. The manufacturer shall 
afford the inspector, free of cost, all reasonable facilities to satisfy him that the material is being 
furnished in accordance with these specifications. All tests (except check analyses) and in.spect ion 
shall be made at the place of manufacture prior to shipment, unless otherwise specified, and shall 
be so conducted as not to interfere unnecessarily with the operation of the works. 

142. Rejection. — (a) Unless otherwise specified, any rejection based on tests made in 
accordance with § 132 shall be reported within five working days from the receipt of samples. 

(b) Material which shows injurious defects subsequent to its acceptance at the manu- 
facturer’s works will be rejected, and the manufacturer shall be notified. 

Rehearing. — Samples tested in accordance with § 132, which represent rejected material, 
shall be preserved for two weeks from the date of the test report. In case of dissatisfaction 
with the results of the tests, the manufacturer may make claim for a rehearing within that time. 

Special Metals. 

143. Cast-Iron. — Except where chilled iron is specified, castings shall be made of tough gray 
iron, with sulphur not over 0.10 per cent. They shall be true to pattern, out of wind and free 
from flaws and excessive shrinl^e. If tests are demanded they shall be made on the “Arbitra- 
tion Bar ” of the American Society for Testing Materials, which is a round bar, l \ in. in diameter 
and 15 in. long. The transverse test shall be on a supported length of 12 in. with load at middle. 
The minimum breaking load so applied shall be 2,900 lb., with a deflection of at least in. before 
rupture. 

144. Wrought-Iron Bars. — Wrought-iron shall be double-rolled, tough, fibrous and uniform 
in character. It shall be thoroughly welded in rolling and be free from surface defects. When 
tested in specimens of the form of Fig. 1, or in full-sized pieces of the same length, it shall show 
an ultimate strength of at least 50,000 lb. per sq. in,, an elongation of at least 18 per cent in 8 in., 
tinth fracture wholly fibrous. Specimens shall bend cold, with the fiber through 135®, without 
sign of fracture, around a pin the diameter of which is not over twice the thickness of the piece 
tested. When nicked and bent the fracture shall show at least 90 per cent fibrous. 

Timber. 

145. Timber. — The timber shall be strictly first-class spruce, white pine, Douglas fir. Southern 
yellow pine, white oak, or other approved timber. Timber piles shall preferably be white, post 
or burr oak, Douglas fir, longleaf pine, tamarack, white or red cedar, chestnut, redwood or cypress. 

146. General Requirements. — All timber shall be cut from sound live trees, and shall be 
sawed to standard size. It must be close grained and solid, free from defects such as injurious 
ring shakes and cross ^ain, unsound or loose knots, knots in groups, large pitch pockets, decay 
or other defects that will impair its strength or fitness for the purpose intended. 

147. Size of Sawed Timber. — All timber shall be sashed true and out of wind and shall, when 
dry, not measure scant in thickness more than the following: 

Flooring and boards up to 1 J in. thick, may be scant A in* 

Planks and timbers, rough size, from 1} to 6J in. thick, may be scant i in. 

Dimension timber, rough size, 6 in. thick and up, may be scant i in. For example, a 12 
in. X 12 in. timber may be 11} in. X 11} in. 

148. Size of Dressed Timber. — When dressed timber more than 1 i in. in thickness is required, 
a reduction of } in. in thickness for each surface planed will be permitted in addition to the 
allowance in rou^ timber in § 147. For example a 12 in. X 12 in. timber S.4S. may be 11} in. 
X 11} in. 

149. Dimension Timber. — Dimension timber when used for beams, stringers, caps, posts 
and sills shall show not less than 75 per cent heart on each of four faces, measur^ across the 
sides anywhere in the length of the piece. There shall be no loose knots, or knots greater than 
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2 in. in diameter, or one-quarter (i) the width of the face of the stick in which they occur. Knots 
shall not be located in groups and no knot shall be nearer the edge of the stick than one-quarter 
(i) the width of the face. When used for other purposes dimension timber shall be square edged 
with exception of 1-in. wane on one edge or J-in. wane on two edges, and ring shakes shall not 
extend over one-eighth (J) the length of the piece. 

150. Flooring. — Flooring shall preferably be yellow pine, maple or beech, as specified, and 
shall be furnished usually in lengths of 12 to 16 ft. and not over 4 in. face. The thickness of the 
flooring shall be the thickness of the finished material. Flooring shall be edge grained, kiln dried, 
matched, tongued and grooved, planed on the upper side, well manufactured so as to be free from 
planer’s marks, splinters, etc. It shall show one face all heart and shall be free from knots, 
shakes, sap and pitch pockets. 

151. Sub-Floor Plank. — Floor plank shall be square edged, shall show one face all heart and 
the other face and two edges shall show not less than seventy-five (75) per cent heart, measured 
across the face or sides measured anywhere in the length of the piece; and shall be free from loose 
knots, or souhd knots more than 1 J in. in diameter. 

152. Piles. — Piles shall be cut from sound, live trees, shall be straight, close grained and solid, 
free from defects such as injurious ring shakes, large and unsound or loose knots, decay or other 
defects that will materially impair the strength or durability. The diameter of round piles near 
the butt shall not be less than 12 in. nor more than 18 in., and at the tip of piles under 30 ft. not 
less than 8 in., nor less than 6 in. for piles more than 30 ft. long. Piles must be cut above the 
ground swell and must taper evenly from butt to tip. Short bends will hot be allowed. A line 
drawn from the butt to the tip shall lie entirely within the body of the pile. All piles shall be cut 
square at their ends and shall be stripped of their bark. 

PART VII. WORKMANSHIP. 

153. General. — All parts forming a structure shall be built in accordance with approved 
drawings. The workmanship and finish shall be equal to the best practice in modern bridge 
works. 

154. Straightening Material. — Material shall be thoroughly straightened in the shop, by 
methods that will not injure it, before being laid off or worked in any way. 

155. Finish. — Shearing shall be neatly and accurately done and all portions of the work 
exposed to view neatly finished. 

156. Rivets. — The size of rivets, called for on the plans, shall be understood to mean the 
actual size of the cold rivet before heating. 

157. Rivet Holes. — When general reaming is not required, the diameter of the punch for 
material not over J in. thick shall be not more than iV in., nor that of the die more than J in. larger 
than the diameter of the rivet. The diameter of the die shall not exceed that of the punch by 
more than { the thickness of the metal punched. 

158. Planing and Reaming. — In medium steel over i of an in. thick, all sheared edges shall 
be planed and all holes shall be drilled or reamed to a diameter of i of an in. larger than the punched 
holes, so as to remove all the sheared surface of the metal. SteeJ which does not satisfy the 
drifting test must have holes drilled. 

159. Punching. — Punching shall be accurately done. Slight inaccuracy in the matching of 
holes may be corrected with reamers. Drifting to enlarge unfair holes will not be allowed. Poor 
matching of holes will be cause for rejection by the inspector. 

160. Assembling. — Riveted members shall have all parts well pinned up and firmly drawn 
together with bolts before riveting is commenced. Contact surfaces to be painted (see § 191). 

161. Lacing Bars. — Lacing bars shall have neatly rounded ends, unless otherwise called for. 

102. Web Stiffeners. — Stiffeners shall fit neatly between flanges of girders. Where tight 
fits are called for the ends of the stiffeners shall be faced and shall be brought to a true contact 
bearing with the flange angles. 

103. Splice Plates and Fillers. — Web splice plates and fillers under stiffeners shall be cut to 
fit within \ in. of flange angles. 

164. Web Plates. — Web plates of girders, which have no cover plates, shall be flush with 
the backs of angles or be not more than i in. scant, unless otherwise called for. When web plates 
are spliced, not more than i in. clearance between ends of plates will be allowed. 

165. Connection Angles. — Connection angles for girders shall be flush with each other and 
correct as to position and length of girder. In case milling is required after riveting, the removal 
ef more than A from their thickness will be cause for rejection. 
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166. Rivetixig. — ^Rivets shall be driven oy pressure vools wherever possible. Pneumatic 
hammers shall be used in preference to hand driving. 

167. Rivets shall look neat and finished, with heads of approved shape, full and of equal size. 
They shall be central on shank and grip the assembled pieces firmly. Recupping and calkin 
will not be allowed. Loose, burned or otherwise defective rivets shsdl be cut out and replaced. 
In cutting out rivets great care shall be taken not to injure the adjacent metal. If necessary 
they shall be drilled out. 

168. Turned Bolts. — ^Wherever bolts are used in place of rivets which transmit shear, the 
holes shall be reamed parallel and the bolls turned to a driving fit. A washer not less than i in. 
thick shall be lised under nut. 

169. Members to be Straight. — The several pieces forming one built member shall be straight 
and fit closely together, and finished members shall be free from twists, bends or open joints. 

170. Finish of Joints. — Abutting joints shall be cut or dressed true and straight and fitted 
close together, especially where open to view. In compression joints depending on contact 
bearing the surfaces shall be truly faced, so as to have even bearings after they are riveted up 
complete and when perfectly aligned. 

171. Field Connections. — All holes for field rivets in splices in tension members carrying 
moving loads shall be accurately drilled to an iron templet or reamed while the connecting parts 
are temporarily put together. 

172. Eye-Bars. — Eye-bars shall be straight and true to size, and shall be free from twists, 
folds in the neck or head, or any other defect. Heads shall be made by upsetting, rolling or forging. 
Welding will not be allowed. The form of heads will be determined by the dies in use at the 
works where the eye-bars are made, if satisfactory to the engineer, but the manufacturer shall 
gu^ntee the bars to break in the body with a silky fracture, when tested to rupture. The 
thickness of head and neck shall not vary more than A in. from the thickness of the bar. 

173. Boring Eye-Bars, — Before boring, each eye-bar shall be properly annealed and carefully 
straightened. Pin holes shall be in the center line of bars and in the center of heads. Bars of the 
same length shall be bored so accurately that, when placed together, pins A in. smaller in diam- 
eter than the pin holes can be passed through the holes at both ends of the bars at the same time. 

174. Pin Holes. — Pin holes shall be bored true to gage, smooth and straight; at right angles 
to the axis of the member and parallel to each other, unless otherwise called for. Wherever pos- 
sible, the boring shall be done after the member is riveted up. 

175. The distance center to center of pin holes shall be correct within ^ in., and the diameter 
of the hole not more than 1/50 in. larger thaii that of the pin, for pins up to 5 in. diameter, and ^ in. 
for larger pins, 

176. Pins and Rollers. — Pins and rollers shall be accurately turned to gage and shall be 
straight and smooth and entirely free from flaws. 

177. Pilot Nuts and Fidd Rivets. — At least one pilot and one driving nut shall be furnished 
for each size of pin for each structure; and field rivets 15 per cent plus 10 rivets in excess of 
the number of each size actually required. 

178. Screw Threads. — Screw threads shall make tight fit-s in the nuts and shall be U. S. 
standard, except above the diameter of 1 f in., when they shall be made with six threads per in. 

179. Annealing. — Steel, except in minor details, which has been partially heated shall be 
properly annealed. 

180. Steel Castings. — All steel castings shall be annealed. 

181. Welds. — Welds in steel will not be allowed. 

182. Bed Plates. — Expansion bed plates shall be planed true and smooth. Cast wall plates 
shall be planed top and bottom. The cut of the planing tool shall correspond with the direction 
of expansion. 

183. Shipping Details. — Pins, nuts, bolts, rivets, and other small details shall be boxed or 
crated. 

184. WeighL — ^The weight of every piece and box shall be marked on it in plain figures. 

185. Weight Paid For. — The payment for pound price contracts shall be based on scale 
weights of the metal in the fabricated structure, including field rivets 15 per cent plus 10 rivets 
in excess of the number nominally required. The weight of the shop coat of paint, field paint, 
cement, fitting up bolts, pilot nuts, driving caps, boxes and barrels used for packing, and material 
used in supporting members on cars shall be excluded. If the scale weight is more than 2} per 
cent under the computed weight it may be cause for rejection. The greatest allowable variation 
of the total scale weight of any structure from the weights compute from the approved shop 
drawings shall be 2 per cent. Any weight in excess of 2 per cent above the computed weight 
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shall not be paid for. The weights of rolled shapes and plates shall be computed on the basis of 
their normal weights and dimensions, as shown on the approved drawings, deducting for all copes, 
cuts and open holes. With plates the percentage of overrun given in these specifications shall 
be added. The weight of heads of shop driven rivets shall be included in the computed weight. 
The weights of castings shall be computed from the dimensions shown on the approved draw- 
ings, with an addition of 10 per cent for fillets and overrun. 

Additional Specifications When General Reaming and Planing are Required. 

186. Planing Edges. — Sheared edges and ends shall be planed off at least i in. 

187. Reaming. — Punched holes shall be made with a punch in. smaller in diameter than 
the nominal size of the rivets and shall be reamed to a finished diameter of not more than ^ in. 
larger than the rivet. 

188. Reaming after Assembling. — Wherever practicable, reaming shall be done after the 
pieces forming one built member have been assembled and firmly bolted together. If necessary 
to take the pieces apart for shipping and handling, the respective pieces reamed together shall be 
so marked that they may be rcas.sembled in the same position in the final setting up. No inter- 
change of reamed parts will be allowed. 

189. Removing Burrs. — The burrs on all reamed holes shall be removed by a tool counter- 
sinking about ^ in. 


Painting in Shop. 

190. Painting. — All steel work before leaving the shop shall be thoroughly cleaned from all 
loose scale and rust, and be given one good coating of pure boiled linseed oil or paint as si>ecified, 
well worked into all joints and open 8])aces. 

191. In riveted work, the surfaces coming in contact shall each be painted (with paint) 
before being riveted together. 

192. Pieces and parts which are not accessible for painting after erection shall have two 
coats of paint. 

193. The paint shall be a good quality of red lead or graphite paint, ground with pure linseed 
oil, or such paint as may be specified in the contract. 

194. Machine finished surfaces shall be coated with white lead and tallow before shipment 
or before being put out into the open air. 

Inspection and Testing at Mill and the Shops. 

195. The manufacturer shall furnish all facilities for inspecting and testing weight and the 
qtfelitj^f workmanship at the mill or shop where material is fabricated. He shall furnish a 
suitable testing machine for testing full-sized members if required. 

196. Mill Orders. — The engineer shall be furnished with complete copies of mill orders, and 
no materials shall be ordered nor any work done before he has been notified as to where the orders 
have been placed so that he may arrange for the inspection. 

197. Sttop Plans. — The engineer shall be furnished with approved complete shop plans, and 
must be notified well in advance of the start of the work in the shop in order that he may have an 
inspector on hand to inspect the material and workmanship. 

198. Shipping Invoices. — Complete copies of shipping invoices shall be furnished the engineer 
with each shipment. 

199. The engineer’s inspector shall have full access, at all times, to all parts of the mill or 
shop where material under his inspection is being fabricated. 

200. The inspector shall stamp each piece accepted with a private mark. Any piece not so 
mark^ may be rejected at any time, and at any stage of the work. If the inspector, through an 
oversight or otherwise, has accepted material or work which is defective or contrary to the speci- 
fications, this material, no matter in what stage of completion, may be rejected by the engineer. 

201. Full Size Tests. — Full size tests of any finished member shall be tested at the manu- 
facturer's expense, and shall be paid for by the purchaser at the contract price less the sciap valu^ 
if the tests are satisfactory. If the tests are not satisfactory the material will not be paid for and 
the members represented by the tested member may be rejected. 
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Eeection. 

202. Tools. — The contractor shall furnish at his own expense all necessary tools, staging and 
material of every description required for the erection of the work, and shall remove the same 
when the work is completed. 

All field connections in the trusses and framework shall be riveted. Connections of purlins 
and girts may be bolted. 

The contractor shall put in place all stone bolts and anchors for attaching the steel work to 
the masonry. He shall drill all the necessary holes in the masonry, and set all bolts with neat 
Portland cement. 

203. Field rivets shall preferably be driven by pneumatic riveters of approved make. A 
pneumatic bucker shall be used with a pneumatic riveter. Splices and field connect ions shall have 
50 per cent of the holes filled with bolts and drift pins (of which one-fifth shall bo drift pins) 
before riveting. Rivets in splices of compreasion chords shall not be driven until the abutting 
surfaces have been brought into contact throughout, and submitted to full dead load stress. Field 
riveting shall be done to the satisfaction of the engineer. 

204. The erection will also include all necessary hauling from the railroad station, the un- 
loading of the materials and their proper care until the erection is completed. 

205. Whenever new structures are to replace existing ones, the latter arc to be carefully taken 
down and removed by the contractor to some place where the material can be hauled away. 

206. The contractor shall so conduct his work as not to interfere with traffic, interfere with 
the work of other contractors, or close any thoroughfare. 

207. The contractor shall assume all risks of accidents and damages to persons and properties 
prior to the acceptance of the work. 

208. The contractor must remove all falsework, piling and other obstructions or unsightly 
matenal produced by his operations. 

209. The contractor shall comply with all ordinances or regulations appertaining to the 
work. 

210 . The erection shall be carried forward with diligence and shall be completed promptly. 

Painting After Erection. 

211. Painting. — After the building is erected the metal work shall be thoroughly cleaned of 
mud, grea^ or other material, then thoroughly and evenly painted with two coats of paint of the 
kind specified by the engineer, mixed with linseed oil. All recesses which may retain water, or 
through which water can enter, must be filled with thick paint or some waterproof cement before 
final painting. The different coats of paint must be of distinctly different shades or colors, and 
one coat rnust be allowed to dry thoroughly before the second coat is applied. All painting shall 
TC done with round brushes of the best quality obtainable on the market. The paint shall be de- 
hvered on the work in the manufacturer’s original packages and be subject to inspection. If tests 
made by the inspector shows that the paint is adulterated, the paint will be rejected and the con- 
t^tor shall pay the cost of the analyses, and shall scrape off and thoroughly clean and repaint 
all material that has been painted with the condemned paint. The paint shall not be thinned with 
ajay thing whatsoever; in cold weather the paint may be thinned by heating under the direction of 
the inspector. No turpentine nor benzine shall be allowed on the work, except by the permission 
of the inspector, and in such quantity as he shall allow. The inspector shall be notified when any 
painting is to be done by the contractor, and no painting shall be done until the inspector has 
spprov^ the surface to which the paint is to be applied. Paint shall not be applied out of doors 
in freezing, rainy, or misty weather, and all surfaces to which paint is to be applied shall be dry. 
clean and warm. In cool weather the paint may be thinned by heating, and this may be required 
by the inspector. 

REFERENCES. — For data on windows and glazing; paints and painting; foundations, and 
additional data and examples of roof trusses and steel mill buildings, see the author’s “ The 
Design of Steel Mill Buildings.” This book also contains a full treatment of algebraic and graphic 
statics; and the calculation of stresses in simple framed structures, in the transverse bent, the 
two-hinged arch, and other statically undeterminate structures; also contains 40 problems in 
algebraic and graphic statics illustrating the methods of calculating the stresses in roof trusses 
and other framed structures. 



CHAPTER II. 

Steel Office Buildings. 

Skeleton Construction. — Skeleton construction is a building where all external and internal 
loads and stresses are transferred from the top of the building to the foundations by a skeleton or 
framework of steel or reinforced concrete. In steel skeleton construction the framework con- 
sists of columns, floorbeams, girders, trusses, and diagonal and transverse bracing. The steel 
trusses have riveted connections and all connections in the steel framework should be riveted. 

Fire Resisting Construction. — To protect the structural steel from fire the framework is 
covered with materials that are slow heat conducting or "fireproof material." The steel frame- 
work may be fireproofed with reinforced concrete, brick, tiles of burnt clay, or terra cotta. The 
windows on exposed sides and elevator enclosures are glazed with wire glass set in metal frames or 
are protected with fire shutters. -Doors and other exposed openings are protected with fire doors 
or shutters. The interior finish, doors, etc. should be of metal and every precaution should be 
taken to prevent the spread of fire. Reinforced concrete fireproofing is usually made of the 
following thickness: For columns, trusses, girders or other very important members at least 2 
inches of concrete outside of the metal reinforcement; for ordinary beams or long span floor slabs 
or arches, i i inches of concrete outside of the reinforcement, and for short span floor arches and 
slabs, partitions and walls at least l inch outside the metal reinforcement. Fireproofing of brick, 
tile or terra cotta is usually made with a thickness of not less than 4 inches for columns and the 
main framework. Metal flanges should be protected with not less than 2 inches of fireproofing 
at any point. 

TABLE I. 


Weights of Building Materials, Etc. 
Pounds per Cubic Foot. 


Material. 

Weight. 

Material. 

Weight. 

Brick, pressed and paving 

150 

Hemlock 

25 

" common building 

120 

White pine 

25 

" soft building 

100 

Douglas fir 

30 

Granite 

170 

Yellow pine 

40 

Marble 

170 

White oak 

50 

Limestone 

160 

Mortar 

100 

Sandstone 

150 

Stone concrete 

150 

Cinders 

40 

Cinder " 

no 

Slag 

I60-I80 

Common brick work 

IOD-I 20 

Granulated furnace slag 

53 

Rubble masonry, sandstone 

130-140 

Gravel 

120 

" " limestone 

140 

Slate 

175 

" " granite 

ISO 

Sand, clay and earth (dry) 

‘‘ " " " (moist) 

100 

Ashlar “ sandstone 

140-150 

120 

** " limestone 

ISO 

Coal ashes 

45 

" " granite 

i6s 

Paving asphaltum 

100 

Cast iron 

450 

Plaster of Paris 

140 

Wrought iron 

480 

Glass 


Steel 

490 

Water 

62J 

Lead 

711 

Snow, freshly fallen 

5 

Copper, rolled 

490 

" packed 

12 

Brass 

521 

** wet 

50 

Plaster, ceiling 10 to 15 lb. per sq. ft. . 


Spruce 

25 
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For details and data on fireproofing and fireproofing materials, see Freitag’s ‘‘Fire Prevention 
and Fire Protection/* and Kidder’s “Architects and Builders Pocket Book.” 

LOADS. — ^The loads coming on office buildings may be grouped under the following headings: 
(l) dead loads; (2) live loads; (3) wind loads; (4) snow loads; (5) miscellaneous loads. 

Dead Load. — ^The “dead load” includes the weight of the structure, and other permanent 
fixtures and machines. A formula for the weight of roof trusses is given in Chapter I. The 
weights of materials are given in Table 1. The actual weights of all dead loads should be calcu- 
lated. The minimum weight of a fireproof floor should be taken at not less than 75 lb. per sq. ft. 
of floor surface. In office buildings a minimum of 10 lb. per sq. ft. should be added for movable 
partitions. 

WEIGHT OF STEEL IN TALL BUILDINGS. — The weight of the steel framework for tall 
steel buildings varies with the height, the column spacing, the floor loads and other conditions. 
The weights of steel per cubic foot for several tall steel buildings are given in Table II. In calcu- 
lating the weight per cubic foot only the part of the building above the curb was considered. 


TABLE IL 

Weight of Steel in Tall Buildings, Pounds per Cubic Foot. 


BuUding. 

Plan 

Height. 

Weight of 
Steel, Lb. 
per Cu. Ft. 

Reference. 

Sq. Ft. 

Stories. 

Ft. 

Park Row Building, New York. . 

15,000 

26 

307 

3.6 

Eng. News, Oct. 8, 1896 

Hotel Astor (addition), New 
York 

21,306 

9 

2.6 

Eng. Record, Oct. 14, 1911 

Banker’s Trust Building, New 
York 

9,018 

39 

543 

3-1 

Eng. Record, Feb. ii, 1911 

Underwood Building, New York . 

3,952 

18 

220 

2.6 

Eng. Record, April i, 1911 

Eng. Record, May 27, 1911 

Hotel Rector, New York 

13,231 

13 


2.3 

Woolworth Building, New York. 

31,000 

55 

775 

3.0 

Eng. Record, May 27, 1911 

Municipal Building, New York. . 

42,686 

580 

3.6 

Eng. News, July 27, 1911 

Poole Bros. Printing, Chicago.. . 

5,000 

7 

2.1 

Eng. News, July 25, 1912 

Merchants & Mfgs. Exchange, 
New York 

55,000 

12 


2.8 

Eng. Record, May ii, 1912 

Hotel McAlpin, New York 

Curtis Building, Philadelphia . . . 

39,500 

25 

309 

2.0 

Eng. Record, Mar. 30, 1912 

94,000 

10 

176 

3.0 

Eng. Record, July 9, 1910 

Office Building, Denver 

7,500 

12 

145 

2.8 

Designed by the author 


live Loads. — ^The live loads on floors are commonly given in pounds per square foot. The 
minimum live loads in pounds per square foot as required by the buildings laws of several cities 
are given in Table III. 

Mr. C. C. Schneider, M. Am. Soc. C. E., in his “General Specifications for Structural Work of 
Buildings” gives the following requirements for live loads on floors. 

“Table IV gives the ‘live* load on floors, to be assumed for different classes of buildings. 
These loads consist of: (a) A uniform load per square foot of floor area; (b) A concentrated 
load which shall be applied to any point of the floor; (c) A uniform load per linear foot for girders. 
The maximum result is to be used in calculations. The specified concentrated loads shall also 
apply to the floor construction between the beams for a length of 5 ft.” 
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TABLE III. 

Floors ano Roofs. 

Minimum Live Loads, Pounds per Square Foot. 
By Building Laws of Various Cities. 

Carnegie Steel Company. 


Description of Building 

.2 

4 ) 

55 

Chicago, 

1919 

Philadelphia, 

1919 

St. Louis, 
1917 

Boston, 

1919 

Cleveland, 

1920 

Baltimore, 

1908 

Pittsburgh, 

1914 

i 

ig 

a 

Floors for Rooms 










Apartments and Dwellings. 

40 

40 

70 

60 

50 

70a 

60 

50 

40 

Asylums, Hospitals, etc.. . 

100 

50 

70 

50 

60c 



70 

40 

Detention Huildings, e^. . 

100 

50 



50c 

80 



00 

Factories: 










Ligh t manufacture 

120d 

lOOd 

120d 

lOOd 

125d 


125d 

125d 

lOOd 

Heavier manufacture. . . 



150d 

150d 

250d 


175d 


150d 

Hotels. Lodging Houses . . 

40 

50 

70 

60 

50c 

70 

60 

70 

40b 

Office Buildings, etc 

60 

60 

100 

60b 

75b 

70b 

76b 

70 

50b 

Public Buildings: 










Municipal Buildings. . . . 

100 




75c 

100 



100 

Churches 

100 

100 

120 

75 

100 

80 

76 

125 

100 

Libraries, Museums. . . . 

100 




100 

125 


200 


Theaters 

100 

100 

120 

100 

100 

80 

75 

125 

100 

Schools, Colleges, etc 

75 

75 


75 

50 

70 

75 

70 

60 

Stores, light goods 

120 

100 

120 

100 

125 

lOOb 

125 

125 

100 

“ heavier goods 



150 

150 

250 


175 


150 

Warehouses 



150 

150 

250 


250 

200 

150 

Floors for Assembly Hall8,ete. 










Auditoriums, fixed seats . . 

100 

100 

120 

100 

100 

80 

75 

125 

lOO 

** movable seats 

100 

100 

120 

100 

100 

125 

125 

125 

100 

Armori^, Dance Halls.etc. 

100 

100 



100 

150 


150 

150 

Miscellaneous 










Garages, Stables 

120 

lOOe 


100 

150e 

150e 

100 


75 

Corridors. Hallways 

100 

100 


100 

75f 

70g 



80g 

Stairways, Fire Escapes. . 

100 

100 


100 

75f 

lOOh 



80g 

Sidewalks 

300 




250 

200 

200 


300 

Roofs: 










Flat, slope up to 20® (^) 

40 

25 

301 

30 

40 

351 

40 

50k 

25 

Steep, 6lope over 20® (V6) 

30 

25 

301 


25J 

301 

20 

50k 

25 

Wind Presstire 

301 

20 

30m 

30 

l(>-20n 

20o 

30 

25 

20p 


a Dwellings, Cleveland, 60. 

b First floors: St. Louis, 100: Boeton,T25; Cleveland, 125; Baltimore, 150; Oncixmati, 100* 
c Public floors of H(xp}it^, Hotels, Public Buildings, etc.: Boston, 100. 
d Floor loads do not include the weight or the impact load of machinery, 
e Garages, private: Chicago, 40; Boston, 75; Garages; public, upper floors: Clevelaiid, 100; 
Stables: Cleveland, 80. 

f Corridors, stairways, etc., for Assembly Halls, Armories, etc.: Boston, 100. 
g Elxcept in Dwelling where floor loads are les^ 
fa Stairways, etc., for Apartment Houses, 80; Dwellings, 60. 

i Loads per square foot of superficial roof area; other roof loads are for the proi^ted area, 
j Loads mclude Wind Pressure: 10 pounds ^p to % slope, 15 up to H slope, 20 over slope, 
k Dead and live load; snow load 25 pounds, r^uced 1 pound each degree between 20^ and 45^. 
1 For buildings over 150 feet high, or where height is over 4 times least horixontal dimension, 
m Wind pressure for high buildings in built-up districts: 25 pounds at tenth story, 2H pounds 
less for each story below and 2H pounds more for each story above, up to ^ pounds, 
n For buildings 40 fee(hi|;b, 10 pounds; up to 80 feet, 15 pounds; over 80 feet, 20 pounds, 
o Wind pressure on curtain walls, 30 pounds. 

p For buildings over 100 feet high, or where bright is over 3 rimes the average width of base. 
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TABLE IV. 


Table of Live Loads, Schneider’s Specifications. 



Live Loads in Pounds. 

Classes of Buildings. 

Distributed 

Load. 

Concentrated 

Load. 

Load per 
Linear Ft. of 
Girder. 

Dwellings, hotels, apartment-houses, dormitories, hos- 




pitals 

40 

2 000 

500 

Office buildings, upper stories 

SO 

5 000 

I 000 

Schoolrooms, theater galleries, churches 

Ground floors of office buildings, corridors and stairs in 

60 

5 000 

I 000 

public buildings 

Assembly rooms, main floors of theaters, ballrooms, f 
gymnasia, or any room likely to be used for drilling *< 
or dancing [ 

80 

Floor 100 
Columns 50 

S 000 

I 000 

1 S 000 

I 000 

Ordinary stores and light manufacturing, stables and 




carriage-houses 

80 

8 000 

I 000 

Sidewalks in front of buildings 

300 

10 000 

I 000 

Warehouses and factories 

from 120 up 
“ 300 “ 

Spedal 

special 

Charging floors for foundries - 


Power houses, for uncovered floors 


The actual weights of 
engines, boilers, stacks, 

-< etc., shall be used, but in 

“ 200 “ 



no case less than 200 lb. 



L per sq. ft. 



“ If heavy concentrations, like safes, armatures, or special machinery, are likely to occur on 
floors, provision should be made for them. For structures carrying traveling machinery, such 
as cranes, conveyors, etc., 25 per cent shall be added to the stresses resulting from such live load, 
to provide for the effects of impact and vibration.” 

Mr. Schneider’s method for live loads is the most rational method yet proposed. In the 
design of floor slabs when using this method the author has used an equivalent distributed load 
equal to twice the distributed load^ in Table IV, and has omitted the concentrated load and load 
per lineal foot of girders. 

The floor loads on warehouses and the recommended floor loads per sq. ft. have been tabu- 
lated by the American Bridge Company in Table V. 

Wind Loads. — The wind loads required by different cities are given in Table III. 

Schneider’s specifications for wind load are as follows: 

“The wind pressure shall be assumed as acting in any direction horizontally: First. — At 20 
lb. per sq. ft. on the sides and ends of buildings and on the actually exposed surface, or the vertical 
projection of roofs; Second. — At 30 lb. per sq. ft. on the total exposed surfaces of all parts com- 
posing the metal framework. The framework shall be considered an independent structure, 
without walls, partitions or floors.” 

Additional data on wind loads are given in Chapter I. 

Snow Loads. — The snow loads on roofs are given in Fig. i. Chapter 1 . 

Schneider’s specifications require “A snow load of 25 lb. per sq. ft. of horizontal projection 
of the roof for all slopes up to 20 degrees; this load to be decreased i lb. for every degree of increase 
of slope up to 45 degrees, above which no snow load is to be considered. The above snow loads 
*ninimum values for l(^lities, where snow is likely to occur. In severe climates these snow 
loads should be increased in accordance with the actual conditions existing in these localities.” 
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Minifwiim Roof Loads. — Schneider’s specifications contain the following: 

“In climates corresponding to that of New York, ordinary roofs, up to 8o ft. span, shall be 
proportioned to carry the minimum loads in Table VI. per square foot of exposed surface, applied 
vertically, to provide for dead, wind and snow loads conibincd: 


TABLE VI. 


Minimum Loads on Roofs. 

{ On boards, flat slope, i to 6, or less .... 
On boards, steep sio|^, more than i to 6 

On 3-in. flat tile or cinder concrete 

Corrugated sheeting, on boards or purlins 

i)iate I ^ cinder concrete 

Tile, on steel purlins 

Glass 


50 lb. 
45 “ 
6o “ 

40 “ 

50 “ 
65 " 
55 “ 
45 “ 


“For roofs in climates where no snow is likely to occur, reduce the foregoing loads by lO lb. 
per sq. ft., but no roof or any part thereof shall be designed for less than 40 lb. per sq. ft.“ 

LIVE LOADS ON COLUMNS. — Schneider’s specifications require that: 

“For columns, the specified uniform live loads per square foot. Table IV, shall be used, 
with a minimum of 20,000 lb. per column. 

“For columns carrying more than five floors, these live loads may be reduced as follows: 

“For columns supporting the roof and top floor, no reduction; 

“For columns supporting each succeeding floor, a reduction of 5 per cent of the total live 
load may be made until 50 per cent is reached, which reduced load shall be used for the columns 
supporting all remaining floors.” 

The Chicago Building Ordinance (1911) requires that live loads on walls, columns and piers 
be taken as follows: 

“ (a) The full live load (see Table III) on roofs of all buildings shall be taken on walls, piers, 
and columns. 

“(b) The walls, piers and columns of all buildings shall be designed to carry the full dead 
loads and not less than the proportion of the live load given in Table VII. 


TABLE VII. 

Percentage of Live Load for Columns. 


Chicago Building Ordinance (1911). 


Floor 

17 

16 

15 

14 

13 

12 

II 

10 

9 

8 

7 

6 

5 

4 

3 

2 I 

17 

85 per cent 














16 

80 

85 















15 

75 

80 

85 














14 

70 

75 

80 

8,5 













13 

65 

70 

75 

80 

8? 












12 

60 

65 

70 

7 S 

80 

8s 











II 

55 

60 

65 

70 

7 S 

80 

8 s 










10 

50 

55 

60 

65 

70 

75 

80 

85 









9 

50 

50 

55 

(30 

65 

70 

75 

80 

8s 








8 

50 

50 

50 

55 

60 

65 

70 

7 S 

80 

8S 







7 

50 

50 

50 

50 

55 

60 

65 

70 

75 

80 

8S 






6 

50 

50 

50 

50 

50 

55 

60 

65 

70 

75 

80 

85 





5 

50 

50 

50 

50 

50 

50 

S 5 

60 

65 

70 

75 

80 

85 




4 

50 

50 

50 

50 

50 

50 

50 

55 

60 

65 

70 

75 

80 

85 



3 - 

50 

50 

SO 

50 

50 

50 

50 

50 

55 

60 

65 

70 

75 

80 

85 


2 

50 

50 

SO 

SO 

50 

50 

50 

SO 

50 

55 

60 

65 

70 

75 

80 

8s 

I 

SO 

50 

S6 

SO 

SO 

50 

50 

50 

50 

SO 

55 

6b 

65 

70 

75 

XTi 

00 

S 


“(c) The proportion of the live load on walls, piers, and columns on buildings more than 
seventeen stories in height shall be taken in same ratio as the above table. 

“ (d) The entire dead load and the percentage of live load on basement columns, piers and 
walls shall be taken in determining the stress in foundations.” 
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LOADS ON FOUNDATIONS. — Schneider’s specifications require that: 

’’The live loads on columns shall be assumed to be the same as for the footings of columns. 
The areas of the bases of theTsolumns shall be proportioned for the dead load only. That founda- 
tion which receives the largest ratio of live to dead load shall be selected and proportioned for the 
combined dead and live loads. The dead load on this foundation shall be divided by the area 
thus found and this reduced pressure per square foot shall be the permissible working pressure to 
be used for the dead load for all foundations.” 

PRESSURE ON FOUNDATIONS. — The following allowable pressures may be used in 
the absence of definite data. No important structure should be built without the making of 
careful tests of the bearing power of the soil upon which it is to rest. 

The loads on foundations should not exceed the following in tons per square foot: 


Ordinary clay and dry sand mixed with clay 2 

Dry sand and dry clay 3 

Hard clay and firm, coarse sand 4 

Firm, coarse sand and gravel 5 

Shale rock 8 

Hard rock 20 


For all soils inferior to the above, such as loam, etc., never more than one ton per square foot. 

The Chicago Building Ordinance (1911) requires that: 

” (a) If the soil is a layer of pure clay at least fifteen feet thick, without admixture of any 
foreign substance other than gravel it shall not be loaded to exceed 3,500 lb. per sq. ft. If the 
soil is a layer of pure clay at least fifteen feet thick and is dry and thoroughly compressed, it may be 
loaded not to exceed 4,500 lb. per sq. ft. 

” (b) If the soil is a layer of firm sand fifteen feet or more in thickness, and without admixture 
of clay, loam or other foreign substance, it shall not be loaded to exceed 5,000 Ib. per sq. ft. 

’’(c) If the soil is a mixture of clay and sand, it shall not be loaded to e.xcecd 3,000 lb. per 
sq. ft. 

’’Foundations shall in all cases extend at least four feet below the surface of the ground 
upon which they are built, unless footings rest on bed rock.” 

PRESSURE ON MASONRY. — The allowable stresses in masonry and pressures of beams, 
girders, column bases, etc. on masonry as given in Table VIII represent good practice. 


TABLE VIII. 

Allowable Stresses in Masonry and Pressures of Bearing Plates. 


Kind of Masonry. 

Safe Stresses in 
Masonry, Lb. per 

Sq. In. 

Safe Pressures of Walls, 
Plates and Columns on 
Masonry, Lb. per Sq. In. 

Common Brick, Portland Cement Mortar 

170 

250 

Hard burned brick, Portland Cement Mortar 

210 

300 

Rubble Masonry, Portland Cement Mortar 

170 

250 

First Class Masonry, Sandstone 

280 

350 

First Class Masonry, Crystallized Sandstone 

400 

6co 

First Class Masonry, Limestone 

300 

500 

First Class Masonry, Granite 

400 

600 

Portland Cement Concrete, 1-2-4 

400 

600 

Portland Cement Concrete, 1-3-5 

300 

400 


BEARING POWER OF PILES. — ^The maximum load carried by a pile should not exceed 
40,000 lb. Piles should be driven not less than 10 ft. in hard material, nor less than 20 ft. in soft 
material if the pile is to be loaded to full bearing. The safe load should not exceed that given by 
the Engineering News formula (i), Chapter XIV. 

THICKNESS OF WALLS. — The minimum thickness of curtain walls in steel skeleton 
buildings should be 12 in. for brick or concrete and 8 in. for reinforced concrete. 
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Schneider's specifications give the following empirical rule for calculating the thickness of 
walls in buildings several stories in height. 

*‘The minimum thickness of walls will be given by the formula 

t “ L/4 -h {fli + Hi -f- • • • -f Hn)l 6 

where t =« minimum thickness of wall in inches, L « unsupported length in feet, which shall be 
assumed as not less than 24 ft. ; and Hu Hu Hu etc. the heights of stories in feet beginning at the 
top. Cellar walls are to be 4 in. thicker than the first story walls.” 

The Chicago Building Ordinance (1911) contains the following: 

“ (a) Brick, stone, and solid concrete walls, except as otherwise provided, shall be of the 
thickness in inches indicated in the following table:” 


Thickness of Walls. 
Chicago Building Ordinance (1911). 



Basement. 

Stories. 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

One-story 

12 

12 












Two-story 

16 

12 

12 











Three-story 

16 

16 

12 

12 










Four-story 

20 

20 

16 

16 

12 









Five-story 

24 

20 

20 

16 

16 

16 








Six-story 

24 

20 

20 

20 

16 

16 

16 







Seven-story 

24 

20 

20 

20 

20 

16 

16 

16 






Eight-story 

24 

24 

24 

20 

20 

20 

16 

16 

16 





Nine-story 

28 

24 

24 

24 

20 

20 

20 

16 

16 

j6 




Ten-story 

28 

28 

28 

24 

24 

24 

20 

20 

20 

16 

16 



Eleven-story 

28 

28 

28 

24 

24 

24 

20 

20 

20 

16 

16 

16 


Twelve-story 

• 32 

28 

28 

28 

24 

24 

24 

20 

20 

20 

16 

16 

16 


WATERPROOFING.— |-For methods of waterproofing walls, floors, etc., see methods of 
waterproofing bridge floors in Chapter IV. 

CALCULATION OF WIND LOAD STRESSES. — (i) The wind load on the sides of the 
steel frame in a building in which the wind bracing is all in the outside walls of the building will 
be carried to the ends of the building by means of bracing in the plane of each floor or by the floor 
slabs where the floors arc made of reinforced concrete, and the loads will then be transferred to 
the foundations by means of bracing in the planes of the ends of the building. In calculating the 
stresses in the bracing in the end panels it is usual to assume that the wind load carried by each 
braced bent, consisting of two columns, together with the floor girders and wind bracing, is equal 
to the total wind load divided by the number of braced panels in the plane. This was the method 
used in calculating the stresses in the Singer Tower, New York. (2) As usually constructed the 
interior columns have brackets and only part of the wind load will be transferred to the ends or 
sides of the building, the remainder of the wind load will be transferred to the foundations by 
portal action and flexure in the columns and beams. It is not possible to determine the proportion 
of the wind load that will be taken by the main framework and by the ends of the building, as the 
stresses in the framework are statically indeterminate. During erection and before the floors 
have been put in place, or with types of floors which do not increase the rigidity of the building in 
horizontal planes, the wind loads will all be taken by the framework normal to the side of the 
building upon which the wind blows. This wind load is commonly taken as 30 lb. per sq. ft. of 
all framework exposed. When rigid floors have been put in place and the building is completed 
the wind load will be taken by the end transverse frames and the intermediate transverse frames, 
in proportion to the relative rigidity of the two frameworks. In a long narrow building with 
efficient wind bracing in the intermediate framework, practically all the wind load will be taken 
directly to the foundations by the transverse intermediate bents; while in the direction of the 
length of the building, practically all the wind load will be carried by the bracing in the sides of 
the building. For a building as long as wide with rigid floors and efficient transverse framework 
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and efficient wind bracing in the ends and sides of the building, it would appear reasonable to 
assume that in the completed building one-half the wind load will be taken by the intermediate 
transverse framework, and one-half will be transferred by means of the floors to the ends of the 
building and then transferred to the foundations by means of wind bracing in the ends of the 
building. The author’s specifications permit reinforced concrete floors to be considered as assisting 
in transferring wind loads in finished buildings, but most specifications require that the steel 
framework be required to carry all the wind loads in the completed structure. 

The transverse intermediate framework usually consists of columns and floor girders, in 
which the floor girders have brackets or knee braces at the ends to increase the rigidity of the 
framework. It will be seen that it is not only impossible to calculate the amount of wind load 
that is taken by each intermediate transverse framework, but that the intermediate transverse 
framework is itself statically indeterminate. In addition to being statically indeterminate it is 
not possible to determine the sizes of the columns and floor girders until after the wind stresses 
are determined. With a given framework in which the sizes of the members and the loads arc 
given the stresses may be calculated by taking into account the deformations of the structure. 

Exact Methods. — The exact stresses in a transverse bent of a steel office building may be 
calculated by taking into account the deformations of the members. All methods for the calcu- 
lation of the exact stresses in a tall frame building are based on the “ Theory of Work ” but 
have different names due to the methods of applying the equations of equilibrium. The stresses 
are most easily calculated by the “ Slope Deflection Method ” described in the author’s Steel 
Mill Buildings, Fourth Edition. For the calculation of the moments in a steel frame office building 
by the ” Slope Deflection Method,” see ” Wind Stresses in Steel Frames of Office Buildings,” 
by Wilson and Maney, Bulletin No. 8o, Engineering Experiment Station of the University of 
Illinois. For the calculation of the moments in a steel frame office building by the ” Work 
Method,” see article by Mr. Albert Smith, Journal Western Society of Engineers, April, 1915. 

Approximate Methods. — To calculate the true stresses in the steel frame of an office building 
not only requires a very large amount of labor but also requires that the column and girder sections 
be known. Three approximate method for calculating the wind stresses in steel frame office 
buildings are described by Mr. R. Fleming in Engineering News, March 13, 1913. The third 
method described by Mr. Fleming was given in the earlier editions of this book. While this 
method gives very satisfactory results, the method gives unequal bending moments in the two 
ends of girders, and is limited to a transverse framework with four bays. 

The following method is essentially the second method proposed by Mr. Fleming and is 
the method given in the author’s ” The Design of Steel Mill Buildings,” page 351. In this method 
the transverse framework is assumed as divided into as many multiple portals as there are bays, 
by p»assing a vertical plane through each interior column. The external horizontal wind loads 
are assumed as divided equally between the portals if the girder spans or bays are equal, or as 
proportional to the span lengths if the bays are unequal. For equal bays the shears on the inside 
columns are equal to double the shears on the outside columns. The points of contraflexure 
in the columns are assumed as midway between the centers of horizontal girders. The points 
of contraflexure in the horizontal girders come at the centers of the bays. The vertical wind 
loads will all be taken by the outside columns. The stresses in a steel frame are very easily 
calculated by this method, as will be shown in the following problem. 

Problem. — In the two story double bay frame shown in the upper right hand corner of 
Fig. I, assume that the frame is divided into two bents, and that each bent carries one-half of 
the total load as shown. In both bents the shear in the columns will be assumed as equal. There 
will be a point of contraflexure at the center of each girder. There will be a point of contraflexure 
in each column near the center of each story height (the point of contraflexure will be assumed 
as coming midway between the horizontal girders). Each bent is now statically determinate 
and the bending moments and the stresses may be calculated. The moments, shears and stresses 
in the middle columns arc added algebraically. It will be noted (i) that the shear in the center 
column is twice the shear in the outside columns, and (2) that there will be no vertical stresses 
in the middle column. 
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Fig. I. Wind Stresses in a Steel Frame Building. 
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The moments and stresses in the main steel frame were calculated by dividing the frame 
into three six-story bents, each of which carries one-third of the total wind load at each floor. 
The stresses are calculated in one bent as shown in (c), and the moments and stresses in the steel 
frame are shown in (b). Referring to (a) it will be seen that the shear in any interior column 
in any story will be twice the shear in each outside column. The vertical shear in the girders 
in all bents at one floor will be equal. The maximum moment in each column will be equal to 
the horizontal shear in the column multiplied by the distance from the point of contraflexure 
to the joint (6 ft.); while the maximum moment in each girder will be equal to the vertical shear 
in the girder multiplied by the distance from the point of contraflexure to the end of the girder 
(8 ft.). The sum of the bending moments about any joint will be equal to zero. If the bays are 
unequal the horizontal wind loads taken by the separate one-bay bents are to be taken directly 
proportional to the spans of the bays. This will make the vertical shears the same in all bays 
in any story. 

Eccentric Riveted Connections. — For the calculation of the stresses in eccentric riveted 
connections, see Chapter XVII, and Table Ii8a, Part II. 

ALLOWABLE STRESSES. — The general practice in designing tall steel frame buildings 
has been to use allowable stresses based on a tensile stress of 16,000 lb. per sq. in. Table IX 
gives the column formulas and allowable stresses to be used in designing columns and struts as 
specified by standard formulas and by building ordinances of several cities. While this table 
was printed in the first edition of this book it still represents conservative practice. 

The allowable stresses given in the Standard Specifications for Steel Buildings, printed in 
the latter part of this chapter, adopted June i, 1923, by the American Institute of Steel Con- 
struction, are based on an allowable tensile stress of 18,000 lb. per sq. in. These specifications 
assume that all loads shall be provided for, that proper provision shall be made for impact, that 
high grade structural steel shall be used, and that workmanship in shop and field shall be first 
class. The column formula is of the Rankine type and is based on a unit stress of 18,000 lb. 
per sq. in. with a maximum stress of 15,000 lb. per sq. in. The column formula is given in § 5 
of the specifications and in Fig. 28. 

Between the limits of //r of 60 and 120 this column formula may be replaced by the formula 

F = 20,000 — 83 //r 

with a maximum stress of 15,000 lb. per sq. in. 

The allowable stresses in the unsupported flanges of beams and girders are given in § 5 and 
in Fig. 29. 

The shear in webs and design of stiffness are given in § 7 and in Fig. 30. 

At the present time, January, 1924, several cities have adopted the allowable stresses given 
in the Standard Specifications for Steel Buildings of the American Institute of Steel Construction 
and nine or ten other cities permit its use. This specification represents the most recent practice 
and gives promise of being generally adopted. 

Comparison of Compression Formulas. — The standard formula for the design of compression 
members adopted by the Am. Ry. Eng. Assoc., is used by the author in his "Specifications for 
Steel Frame Buildings" in Chapter I, and by the building ordinance of Chicago. The A. R. E. A. 
formula is 

P =» 16,000 — jol/r (i) 

where P *= unit stress in lb. per sq. in.; / length and r *= least radius of gyration of the column 
in inches. The maximum value of P is taken as 14,000 lb. 

The American Bridge Company's Formula. — The American Bridge Company has adopted 
the following formula for the design of compression members. 

Axial compression of gross sections of columns, for 

ratio of //r up to 120. 
with a maximum of . 


19,000 — lool/r 

13.000 
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where / ■■ effective length of members in inches, 

r s corresponding radius of gyration of section in inches. 

For ratios of Ijr up to 120, and for greater ratios up to 200, use the amounts given in the 
preceding table. For intermediate ratios, use proportional amounts. 

A comparison of several compression formulas is given in Table IX. 


TABLE IX. 


Comparison of Compression Formulas. 
Allowable Unit Stresses in Pounds per Square Inch. 
American Bridge Company. 
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Table IX. — Continued. 



ft// Tie ^ods^^Diam. 

HU Wall Phtes standard 
Top of P/a te Girders in Wall 
/ ''aSoi^e Floor Line, 

Fig. 2. Floor Plan of Steel Office Building. 




Maximum Ratio of 1 /r. | 

Abbreviation . 

Main Members. 

Bracing Struts. 

A. B. 

120 

200 

A. R. E. A. 

100 

120 

C. 

120 

ISO 

K. 

I2S 

150 

G. 



N. Y. 

120 


P. 

140 


B. 

120 



Name of Formula. 


American Bridge Company 

American Railway Engineering Association — 

Chicago Building Law 

Ketchum’s Specifications 

Gordon 

New York Building Law 

Philadelphia Building Law 

Boston Building Law 
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Fig. 3. Details of Floorbeams for a Steel Office Building. 
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Fig. 4. Cast Iron Separators for Beams and Channels. 
American Bridge Company. 

(For details of separators for Bethlehem beams, see Part II.) 
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0) 4 Angles C2) 4 Angles (5) 8 Angles {4) 2 Channels 
1 Plate i Plates 5 Plates I Plate, 4 Angles 



(5) 2 Channels (6) 2 Channels (7) 2 Channels (8) 4 Angles 
Laced Laced 2 Plates 4 Plates 



(9) 2 Channels (LO) 8 Angles (u) Bethlehem (12) H Column 
6 Plates 7 Plates H Column 2 Plates 



Oi) 4 1 - Bars (l4) 4 Z-Bars 05) 2 Channels f/6) 2 Channels 

I Plate 3 Plates. ! I-Beam ! I-Beam 




r ^1 

I I 

[ I 

ik ji 



(L7) Gray (78) Larimer 09) 4 Angles (zo) 8 Angles 

Laced 5 Plates 

Fig. 5. Types op Columns for Steel Buildings. 
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DETAILS OF FRAMEWORK. — The framework of a steel skeleton building consists of 
iloorbeams ^nd floor girders which carry the floor loads to the columns, of columns which carry 
the loads to the foundations and of foundations which transfer the loads to the earth; the columns 
are braced transversely and longitudinally by wind bracing and by means of the floor girders, 
and the roof is carried on trusses or on roof beams or purlins. There is in addition miscellaneous 
framing to carry the outside walls and the cornice, and the framing around elevators, etc. For 
additional details, see Chapter XII, Structural Drafting. 
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Fig. 6. Column Schedule. 

Floor Plan. — The floor is carried on floorbeams to the floor girders and by the floor girders 
to the columns. A detail plan of a section of a floor plan of a steel skeleton building is shown in 
Fig. 2. The floorbeams, girders and columns are numbered as shown. 

Details of floorbeams for an eight story steel office building are given in Fig. 3. For addi- 
tional details of rolled beams and bracing, see Chapter XII. Details of cast separators are given 
in Fig. 4. 

Columns. — Details of steel columns that are commonly used in steel skeleton buildings are 
given in Fig. 5. The built-H columns made of 4 angles and i plate or of 4 angles and 3 or 5 plates 
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15"^ ^without Covers Covers 

with Reinforcing iC and i6''boiZ* 

Reinforcing Web Plates Web Plates over 

Fig. 8. Details of Columns. American Bridge Company. 
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m IS'' Web 14" end 12" Web JO" 

Covers 18" Covers J4" Covers 12" 

Angles 8"^ 8" Angles 6''^6"and 6"^ 4" Angles 

Fig. 9. Details of Columns. American Bridge Company. 
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^¥eb 18" Web 14" and 12" Web /O" 

Covers 18" Covers J4" Covers 12" 

Angks S'x8’ Angles 6H‘an<f6H‘ Angles S’xii' 

Fig. 10. Details of Columns, ^erican Bridge Company. 
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Fig. II. Details of Column Splices. Aubucan Budge Company. 
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Fio 12. Details of Column Splices. American Bridge Company. 
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Column Bases, CastIpon 
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as given in (i) and (2) are the most satisfactory columns for usual conditions. The Bethlehem 
H columns in (ii) and (12) make very satisfactory columns. While the Bethlehem H columns 
require the driving of less rivets than are required to fabricate built-H columns, the extra cost 
required to drill from the solid in heavy Bethlehem H columns makes the final cost of the two 
types of columns practically the same for average conditions. Columns made of two channels 
laced are deficient in lateral rigidity and should only be used for light loads. Z-bars are difficult 
to obtain from the rolling mill and Z-bar columns should not be used unless it is known that 
Z-bars ca.* be obtained. Additional sections are given in Fig. 14. 

Column Schedule. — column schedule should be prepared as in Fig. 6. The column schedule 
should give the length, area of cross-section and the composition of every column in the building. 
For the use of the shop draftsmen the dead load, wind load and eccentric stresses should be given 
for each column. 

Column Details. — Standard details for channel columns and for plate and angle columns are 
given in Fig. 7. Details of channel columns are given in Fig. 8. Details of plate and angle 
columns are g^ven in Fig. 9 and Fig. 10. Details of column splices are given in Fig. ii and Fig. 12. 
Details of a column used in the Singer Building are shown in Fig. 27. 

Column Bases. — Details of cast iron column bases as designed by the American Bridge 
Company are given in Fig. 13 and Fig. 14. Intermediate sizes may be obtained by interpolation. 



Fig. 15. Cast Steel Base. 



Fig. 16. Built Steel Column Base. 


Details of a cast steel column base used in the Singer Building are shown in Fig. 15. Details 
of a built steel column base designed by Mr. E. W. Stern, Consulting Engineer, are shown in Fig. 16 
Mr. Stern considers the built steel column base as cheaper and more reliable than a cast steel 
base; and cheaper and very much more reliable than a cast iron base. In addition the base is 
easily set and readily grouted. After setting, the base is grouted with i to 2 Portland cement 
mortar. Bases of this design have been used for loads up to 1,600 tons. 

Column bases are now (1924) made of steel slabs from 4 in. to 8 in. thick. See Eng. News- 
Record, April 27, 1922. 

Anchors. — Details of anchors are given in Table 137, Part II. Anchors for columns in tall 
buildings should be calculated for the actual conditions. 


Constant Dimension Columns. — The American Bridge Company has designed building 
columns which within certain limits for varying loads and areas, have constant overall dimensions. 

Constant Dimension Columns” have the advantages (i) that their extreme dimensions are 
known in advance; (2) that wall columns can be spaced at a minimum distance from the outside 
limits of the building giving uniformity to the construction; (3) adjacent columns having different 
loads can have the same outside dimensions, thus reducing the number of column sizes in the 
building. 

The typical sections of ” Constant Dimension Columns ” for several buildings are shown in 
Table 163, Part II. For high buildings where the lower columns are large the sizes can be reduced 
for the upper stories, but in general for office buildings, hotels and similar structures, after a 
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14-in. or a i6-in. column is reached, the size should be maintained with varying sections to the 
top of the building. 

Changes in size of columns should be made on one floor or if this is not practicable certain 
groups should change at the same floor. No column should be smaller than 10 in., preferably 
not smaller than 12 in. Where framed connections and wind bracing are used care must be taken 
to select columns with sufficient clearance to permit the driving of long rivets. For the necessary 
clearance for driving field rivets sec Table 164 to Table 170, Part II. 

Dimensions, areas, radii of gyration and section modulii of “ Constant Dimension Columns,” 
as calculated by the American Bridge Company, are given in Table 162, Part 11 . 

For office buildings of the usual tyfx^, about 23 stories high the selection of columns preferably 
should be either 16 in. columns throughout, or 16 in. for the first two lengths and 14 in. above. 
If wind moment or special loadings influence the selection, then i8-in. columns should be used 
for the first two lengths and 16 in. above. 

For hotels about 15 stories high the selection of the columns preferably should be 14 in. 
throughout, or if special loading or wind stresses arc involved, 16 in. throughout, or 16 in. for the 
first two lengths and 14 in. above. 

For apartment houses of the usual type, about 12 stories high, 10 in. columns generally 
can be used throughout. 

Steel Column Footings. — Column footings of rolled steel slabs and beam grillages, as designed 
by the American Bridge Company arc given in Table 16 1, Part 11 . These footings are designed 
for a tensile stress of 16,000 lb. [kt sq. in., a shearing stress of 10,000 lb. f)er sq. in., and for the 
buckling of beam webs as specified by the C'arnegie Steel Company in Table 9, Part II. In the 
tables Ti — calculated thickness of the steel slab. The weights of footings include slabs, beams, 
separators and bolts. Footing numbers arc descriptive and indicate the allowable pressure on 
the masonry foundation, the tyfxi of footing and the safe load in thousands of pounds. 

Rolled steel slabs should be used in place of beam grillages where the require<i length of beam 
is 3 ft. or less. Single tier grillages should he used in preference to double grillages. 

Slabs 4 in. thick or less may be straightened in the hydraulic press. Slabs over 4 in. thick 
should be planed where the surface bears on steel. Surfaces bearing on concrete need not be 
planed but the concrete should be grouted before setting the footing. 

Gas pijie separators spaced one foot from the end of the beam and not more than 3 feet 
apart with }-in. bolts, should be provided in single tier grillages and in the upper tier of double 
grillages. 

FOUNDATIONS. — The foundation for a tall building will depend upon the height of the 
structure, the total load on the foundation, the character of the soil, and the requirements of the 
design and may be briefly described as follows. 

(1) Ordinary wall or pier foundations built on the natural soil. 

(2) Walls and columns supported by timber grillage resting on the soil. 

(3) Walls and columns supported on grillages made of steel beams or bars encased in concrete 
and resting on the soil. 

(4) Piles of timber or concrete driven to rock or to a sufficient depth to carry the loads without 
settlement. 

(5) Caissons as constructed in Chicago by excavating in an open well or shaft, curbing it 
with timber, and then filling the well with concrete. 

(6) Caissons as constructed in New York by sinking steel cylinders, or steel and timber 
caissons, or reinforced concrete caissons, usually by the pneumatic process and filling the shaft 
with concrete. The first type of foundation, where the soil is compressible, can only be used for 
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Fig. 21. Details of Wind Bracing in United Fire Company’s Building. 

(Eng. Record, Dec. 9, 1911.) 

In cities like Chicago and New York where real estate is so valuable that basements are 
often made three or four stories in depth, and where nearby disturbances due to excavations and 
tunneling would cause settlement it has been found necessary to carry the foundations to rock 
by means of wells or pneumatic caissons. In Chicago the wells comnir)nly vary from 5 ft. to 
12 ft. in diameter and are sunk in the open and are lined with timber curbing. After bed rock is 
reached the well is filled with concrete. 

For a description of the sinking of the foundations for buildings in New York City, .see a paper 
entitled "Foundations for the New Singer Building, New York City" by Mr. T. Kcnnard Thom- 
son, Consulting Engineer, in Trans. Am. Soc. C, E., Vol. 63, June, 1909. 

SPACING OF COLUMNS. — ^Thc spacing of columns in steel frame buildings varies from 
about II ft. to 24 ft., depending upon the height of the building, the floor loads, the type of floor 
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and other conditions. For buildings a few stories in height it is economical to space the columns 
closely together, while in high buildings a spacing of i6 ft. to 20 ft. will commonly be found eco- 
nomical. The columns in the Singer Tower in Fig. 22 were spaced 12 ft. centers; the columns in 
the Guaranty Trust Company's New York Building, 162 ft. high were spaced about 16 ft. by 16 
ft. and 21 ft. 6 in. by 19 ft. 9 in.; the columns in the VVoolworth Building, New York, were spaced 
at distances varying from 18 ft. 6 in. by 18 ft. 6 in. in the main part to a maximum of 28 ft. by 
28 ft. in the tower. 
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Fig. 22. Typical Floor Plan of Singer Tower. 


FLOOR PANELS. — For the long span system, floor girders connect the columns forming a 
square or rectangle, the floor slabs being supported on the floor girders. For the short span 
system, floorbeams are carried by the floor girders and the spans for the flooring are reduced. The 
spacing of the floorbeams will depend upon the type of floor, but it will commonly be found eco- 
nomical to use an even number of floorbeams giving an odd number of short spans in each panel. 
A common arrangement is to use two floorbeams which divide each panel into three short spans. 
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SPANDREL SECTIONS . — The design of the curtain walls that are supported by the spandrel 
beams will depend upon the material of which the wall is built, the amount and character of the 
ornamentation, and the details of the windows. The details of the wall construction in the 
United Fire Company’s Building, New York, are given in Fig. i8. The spandrel masonry is carried 
by the w'all girders and by horizontal angles bracketed from their outer faces. The angles in the 
outer flanges of the wall girders are often wider than those in the inner flanges to give additional 
support to the masonry, and both they and the detached spandrel angles have holes through their 
horizontal flanges to receive vertical expansion and wedge bolts to hold the stone or terra- 
cotta. The mullions over the windows arc made of 3 in. by 4 in. tees. 


pafumUne 

Orvvnd Floor Unt^ ^ j 

f® ffif fTTTTTTt 



The details of the spandrel walls should be worked out by the architect and the engineer 
working together if the best results are to be obtained. 

WIND BRACING.*^^ The arrangement of the wind bracing in a steel frame building will 
depend upion the size and height of the building, upon the arrangement of the columns and the 
space that may be occupied by the wind bracing. Several types of wind bracing are shown in 
Fig. 19. Where space permits the diagonal bracing is the most effective. Diagonal bracing can 
only be used in solid walls or partitions. Knee braces (b) and portal bracing (c), can be used 
in outside walls where there is sufficient space above and below windows. Brackets (d) are 
used where the vertical clearance is limited and in wind bracing transversely through the building. 
Details of wind bracing of the United Fire Company’s Building, New York, are given in Fig. 20 
and Fig. 21. The building is 130 ft. 6 in. by 173 ft. 6 in. in plan and 25 stories in height. The 
columns are of Bethlehem H sections two stories in height. The floor panels are chiefly 15 ft. 
6 in. by 24 ft. 3 in. The columns rest on grillages which rest on pneumatic piers. 

Details of the wind bracing in the Singer Building are given in Fig. 24, Fig. 25, and Fig. 26. 

^ * For the calculations of the stresses in eccentric riveted connections and in beams and 

girders transmitting wind movement, see Chapter XVII, and also Table ii8a, Part II. 
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SINGER BUILDING.* — The Singer Building consists of a main portion approximately 75 ft. by 
1 16 ft. in plan and 14 stories high, and a tower 60 ft. by 60 ft. in plan and 41 stories high with a 
four tier lantern which rises to a total height of 612 ft. The building is of skeleton steel con- 
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Fig. 24. Diagram of Wind Bracing, Singer Building. 


struction, fireproofed with terra-cotta tiling and provided with terra-cotta floor systems surfaced 
with cement. The columns arc carried on concrete footings sunk by the pneumatic process to a 
depth of 90 feet. The columns are spaced 12 ft. centers and are connected at right angles by 

* Engineering News, Vol. 58, pp. 595 to 598. 
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girders and jfloorbeams. A typical floor plan of the tower is shown in Fig. 22 , The columns are 
made of two channels, reinforced with plates where necessary. Details of a typical column are 
shown in Fig. 27. The wind bracing of the steel frame is shown in Fig. 2a. A plan of the wind 
bracing in the tower is shown in Fig. 25. The panels that have heavy full lines were wind braced 
to the 33d story on the exterior and to the 36tn story on the interior. Heavy dotted lines indi- 
cate wind bracing to the 14th story. Fine lines indicate no diagonal bracing. Circles on diagonal 
intersections represent anchor bolts. In designing the bracing the loads were distributed as 
follows: — It will be noticed that in a north and south direction there are 1 1 lines of wind bracing 
in the tower, nearly symmetrically placed. It was therefore assumed that on each story each 
line of X-bracing took iV of the total wind pressure of 30 lb. per sq. ft. The loads on the bracing 
in an east and west direction were distributed in a similar manner. The details of the X-bracing 
®re shown in Fig. 26. Each of the 12 ft. square towers was assumed to act independently and 
Liie uplift of the columns was provided for. 


SPECIFICATIONS FOR STEEL OFFICE BUILDINGS. 

BY 

MILO S. KETCHUM, 

M. Am. Soc. C. E. 


1924. 

1. Design. — In all steel frame or skeleton buildings the stresses due to external and internal 
loads and wind stresses shall be transmitted to the foundation by the steel framework, no reliance 
being placed on the strength of the walls and partitions. Beams and girders shall have riveted 
connections to the steel columns. All columns shall be of structural steel with their different 
parts riveted together and shall be riveted to the beams and girders connecting to them. 

2. LOADS. — The structure shall be designed to carry the following loads. 

3. Dead Loads. — The dead load shall consist of the weight of all permanent construction 
and fixtures, such as walls, roofs, interior partitions, and fixed or permanent appliances. The 
weights of different materials shall be assumed as given in Table I. The minimum weight of 
fireproof floors to be assumed in designing the floor system shall be 75 lb. per sq. ft. The actual 
weight of floors shall be used in designing columns. The minimum weight of movable partitions 
shall be taken as 10 lb. f)er sq. ft. 

4. Live Loads. — The live load shall consist of movable loads and loads due to machinery 
and other appliances. 

The live loads required by Schneider’s specifications and given in Table IV shall be used 
for the different classes of buildings. The maximum stresses due to any one of the three systems 
of loads shall be used in the design. Floor slabs for office buildings may be designed for a uniform 
load equal to twice the distributed load given in the second column of Table IV, and the effect 
of the concentrated load may be neglected. The concentrated load and load per linear foot of 
girder shall be considered in the design of all beams and girders. Flat roofs of office buildings, 
hotels, etc. that can be loaded by crowds of people shall be designed as the floors. 

5. Impact. — For structures carrying traveling machinery such as cranes or conveyors, or 
machinery such as printing presses, 25 per cent shall be added to the stresses resulting from live 
load to provide for impact and vibrations. 

6. Snow Loads.— The snow loads on roofs shall be taken the same as for steel frame mill 
buildings. Fig. i. Chapter I. 

7. Wind Loads. — All structures shall be designed to resist the horizontal wind pressure on 
the surface exposed above surrounding buildings as follows. 

a. The wind pressure on roofs shall be taken as the normal component, calculated by Duchem- 
in’s formula. Fig. 3, Chapter I, of jo lb. per square foot on the vertical projection of the roof. 

b. The wind pressure on the sides and ends of buildings except as otherwise provided in the 
following paragraph shall be assumed as 20 lb. per square foot acting in any direction horizontally. 

c. In designing the steel or reinforced concrete framework of fireproof buildings the frame- 
work shall be designed to resist a wind pressure of 30 lb. per square foot acting on the total exposed 
surface of all parts composing the framework or a horizontal wind pressure of 20 lb. per square 
foot acting in any direction horizontally on the sides and ends of the completed building. The 
Btrengjth of reinforced concrete floors may be considered in calculating the strength of the frame- 
work in the completed structure. The framework before the structure has been completed shall 
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be self-supporting without walls, partitions or floors. In no case shall the overturning moment 
due to wind pressure exceed 75 p)er cent of the resisting moment of the structure. In the calcu- 
lations for wind bracing the working stresses for dead and live loads may be increased 25 per 
cent providing the sections are not less than required for dead and live loads. Chimneys shall 
be designed to resist a wind pressure of 20 lb. (f of 30 lb.) per square foot acting on the vertical 

C roiection of the chimney. Curtain walls carried on the framework of steel or reinforced concrete 
uildings shall be designed to resist a horizontal pressure of 30 lb. per square foot acting hori- 
zontally on the outside of the entire surface of the wall. 

8. Minimum Loads on Roofs. — Roofs shall be designed for the minimum loads specified by 
Schneider and given in Table VI. 

9. Live. Loads on Columns. — For columns carrying more than five floors, the live load may 
be reduced as follows: 

For columns supporting the roof and top floor no reduction. 

For columns supporting each successive floor a reduction of 5 per cent of the total live load 
may be made until 50 per cent is reached, which reduction of the load shall be used for the columns 
supporting all remaining floors. No column shall, however, be designed for a live load of less 
than 20,000 lb. The above reduction is not to apply to the live load on columns of warehouses, 
and similar buildings which are liable to be fully loaded on all floors at the same time. 

10. Loads on Fotmdations. The loads on foundations shall not exceed the following in 
tons per square foot: 


Ordinary clay and dry sand mixed with clay 2 

Dry sand and dry clay 3 

Hard clay and firm, coarse sand 4 

Coarse sand and gravel 5 

Shale rock 8 

Hard rock 20 


For all soils inferior to the above, such as loam, etc. never more than i ton per square foot. 

The loads on foundations shall be assumed to be the same as for the footings of columns. 
The area of the bases of the foundation shall be proportioned for the dead load only as follows. 
That foundation which has the largest ratio of live load to dead load shall be selected and pro- 
portioned for the combined dead and live loads. The dead load on this foundation shall be 
divided by the area thus found, and this reduced pressure per square foot shall be the permissible 
pressure to be used for the dead loads of all foundations. 

11. Pressure on Masonry and Wall Plates. — The maximum pressure on masonry and wall 
plates shall not be greater than the values given in Table VIII. 

12. Bases. — Structural steel columns shall rest on either cast iron, cast steel or built steel 
bases proportioned so as to distribute entire load of the column on the concrete or masonry founda- 
tion. Columns carrying wind stresses shall be firmly anchored with at least two anchor bolts 
to a mass of concrete whose weight is at least i§ times the up-lift in the column. AH columns 
shall be properly secured to the bases. 

13. Shape of Foundations. — Foundations under columns shall be symmetrical except under 
wall columns, where the center line of the column must lie within the middle third of the founda- 
tion. In this case the average intensity of the pressure on the soil shall not exceed one-half the 
safe load allowed for a symmetrical section. In cases where the wall column load exceeds the 
above safe loads the column must rest upon a steel or reinforced concrete girder or cantilever 
having a column or columns at the inner end. The foundation shall then be designed for the 
combined loads. 

14. Rolled Beams. — The depth of rolled beams in floors shall be not less than one-twentieth 
of the span, and if used as roof purlins not less than one-thirtieth of the span. In case of floors 
subject to shocks and vibrations the depth of beams and girders shall be limited to onc-fiftcenth 
of the span. If shallower beams are used the sectional area shall be increased until the maximum 
deflection is not greater than that of a beam having a depth of one-fifteenth of the span, but the 
depth of such beams shall in no case be less than one-twentieth of the span. 

^ 15. Expansion. — Provision shall be made for expansion and contraction corresponding to a 
variation of temperature of 150 degrees Fahr. where necessary. Expansion rollers shall not be 
less than 4 inches in diameter. 

16. Cast Iron. — The allowable stresses in cast iron shall be as follows: 

Compression = 12 000 lb. per sq. in. 

Tension = 2 500 lb. per sq. in. 

Shear » i 500 lb. per sq. in. 

17. Steel Columns. — Columns shall be of rolled or built sections. No wall column or column 
with eccentric loads shall be used which does not have at least one solid plate or web of metal in or 
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parallel to the plane of eccentric stress. Columns shall have a minimum length equal to two 
stories; and splices on adjacent columns shall preferably be made at different stories unless the 
building is symmetrical about a middle line of columns, in which case for ease in construction 
similarly situated columns may be made alike. Columns shall be designed so as to provide for 
effective connections for floorbeams, girders and brackets. The splices shall be strong enough 
to resist the bending stresses and make the columns practically continuous for their entire length. 
The splices of columns shall be riveted. 

1 8. Roof Trusses. — Roof trusses shall be of steel and may have either pin or riveted con- 
nections, and shall be of such design that the stress in each member may be calculated. Roof 
trusses shall be braced in pairs and each pair of trusses shall be rigidly connected by lateral and 
transverse bracing. Purlins shall be made of shapes, or riveted plate or lattice girders. Trussed 
purlins will not be allowed. Main members of trusses shall be designed so that the neutral axes 
of intersecting members shall meet in a common point, or if this is not possible the eccentric 
stresses shall be calculated and provided for. 

19. Floorbeams. — Floorbeams shall generally be rolled steel beams and shall be riveted to the 
floor girders by means of connection angles. Floor girders may be rolled beams or plate girders 
and shall be riveted to columns by means of connection angles. Shelf angles may be provided 
for convenience during erection. 

The flange plates of all girders shall be limited in width so as not to extend beyond the outer 
line of rivets connecting them to the angles, more than 4 inches, or more than 8 times the thickness 
of the thinnest plate. For fireproof floors, floorbeams shall generally be tied together with tie 
rods at intervals not to exceed 8 times the depth of the beams. Tie rods are not required with 
reinforced concrete floors where the reinforcement is rigidly fastened to all outside beams and 
girders. Holes for tie rods, where the construction of the floor permits, shall be spaced 3 inches 
above the bottom of the beam. 

Where more than one rolled beam is used to form a girder, they shall be connected by cast 
iron or steel separators and bolts spaced at intervals of not more than 5 feet. All beams having a 
depth of 12 inches and more shall have at least 2 bolts to each separator. 

20. Wall Plates. — Bearing stones of granite, crystalline sandstone, or metal plates shall be 
used to reduce or distribute the pressure on the wall under the ends of wall beams, girders and 
trusses. 

21. Wall Anchors. — The wall ends of beams, girders, and columns shall be anchored securely 
to give rigidity to the structure. 

22. Minimum Thickness of Metal. — No plate or rolled section, having a thickness of less 
than i in. shall be used except for fillers. 

23. Bracing. — Lateral, longitudinal and transverse bracing shall preferably be comjx>sed of 
rigid members. 

24. Material. — All parts of the structure shall be of rolled steel except column bases, bearing 
plates, separators or minor details which may be of cast iron or cast steel. The steel shall be 
made by the open-hearth process. All rolled steel, cast steel and cast iron shall comply with the 
“Specifications for Structural Steel for Buildings” adopted by the American Society for Testing 
Materials and printed in C hapter XV. 

25. Stresses. — .Ml parts of the structural framework shall be designed for the unit stresses 
as given in “ Standard Specifications for Structural Steel for Buildings ” by American Institute 
of Steel Construction, printed in last part of this chapter. 

26. Details of Construction. — The details of construction shall comply with the specifications 
for steel frame buiUlings given in ” Standard Six^cifications for Structural Steel for Buildings ” 
by American Institute of Steel ('onslruction, printed in last part of this chapter. 

27. Workmanship. — The workmanship shall be equal to the best practice in modern bridge 
works and shall comply with the retiiiirements in ” Standard Si'>ecifications for Structural Steel 
for Buildings ” by American Institute of Steel Construction, printed in last part of this chapter. 

28. Inspection and Testing at Mill and Shop. — The specifications are the same as given in 
“ Standard Specifications for Structural Steel for Buildings ” by American Institute of Steel Con- 
struction, printed in last part of this chapter. 

Erection. 

29. Tools. — The contractor shall furnish at his expense all necessary tools, derricks, hoists, 
staging and material of every description required for the erection of the work, and shall remove 
same when the work is completed. 

30. Risks. — The contractor shall assume all risks from storms or accidents, unless caused by 
the negligence of the owner, and all damage to adjoining property and to persons until the work 
is completed and accepted. 

31. The contractor shall comply with all ordinances or regulations appertaining to the work. 

32. Details of Erection. — The structural steel and iron work shall be erected as rapidly as 
the progress of the other work on the building will permit. Bases, bearing plates and ends of 

10 
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girders which require to be grouted, shall be supported exactly at the proper level by means of 
steel we^s. Structural steel and ironwork shall be set accurately to the established lines and 
levels. The steel and iron must be plumb and level before riveting is commenced and must be 
kept in position until final completion. Temporary bracing shall be provided to resist the stresses 
due to derricks and other erection equipment. Elevator shafts shall be plumbed from top to 
bottom with piano wire. Riveted connections shall be carefully drawn up before riveting is 
commenc^. Not less than one-third the holes shall be filled with field bolts, drawn up tight. 
All field connections shall be riveted. Pneumatic hammers shall be used in driving field rivets. 
Rivets must have a sufficient length to completely fill the holes and to form full heads. Rivets 
must be tight with full concentric heads. Loose or imperfect rivets must be cut out and redriven, 
recupping of calking will not be permitted. Holes which will not admit a cold rivet must be 
ream^. Where bolts are permitted, washers not less than i in. thick shall be used under the 
nuts, the nuts shall be drawn tight and the threads checked with a chisel. Connections to cast 
iron and for separators in steel beams may be bolted. 

STANDARD SPECIFICATIONS FOR STEEL BUILDINGS.— At the invitation of the 
American Institute of Steel Construction a committee consisting of George F. Swain, M. Am. 
Soc. C. E.; E. R. Graham of Graham, Anderson, Probst and White, Architects; W. J. Thomas, 
M. Am. Soc. C. E.; Wilbur J. Watson, M. Am. Soc. C. E., and Milo S. Ketchum, M. Am. Soc. 
C. E., prepared a “ General Specification for Structural Steel for Buildings.” This specification 
was transmitted to the American Institute of Steel Construction on June i, 1923, with the following 
letter of transmittal. 

” After careful deliberation the Committee selected to prepare a Standard Specification for 
the design, fabrication and erection of structural steel for buildings, submit the accompanying 
Code for your adoption. 

“ The present Sp^ification contemplates that the inspection, is such that improper material 
containing defects wnich should cause rejection is not used. It is not intended to cover material 
salvaged from previous construction, which should not be used except under rigid supervision 
and insp^tion. 

” It is also understood that the proper loads are taken and that impact is allowed for in each 
case by adding a proper percentage to the stresses produced by static live loads so that the total 
stress found in any member is an equivalent static stress. This Specification does not attempt 
to state definitely what the live, dead, or wind loads should be, or what percentage should be 
added for impact, as these are factors which should receive the careful consideration of competent 
engineers for each case. The question of corrosion under unusual conditions should have careful 
consideration by the engineer. 

" The question of design is all-important. It necessarily presupposes that the design is 
good, made by and executed under the supervision of competent structural engineers; that proper 
|>rovi8ion is made for secondary stresses, excentric loads, unequal distribution of stresses on 
rivets, etc.; that the details are suitable and that the workmanship is high grade. 

“ It is recommended that the American Institute of Steel Construction maintain a Committee 
whose function shall be that of keeping such a Code as we submit consistent with the changing 
conditions of manufacture, design, and erection. Under these conditions, the Committee considers 
the unit stresses herein specified are proper.” 



STANDARD SPECIFICATION FOR STRUCTURAL STEEL FOR BUILDINGS, 


As Adopted by the 

American Institute of Steel Construction. 

June I, 1923. 

1. This Specification defines the practice adopted by the American Institute of Steel Con- 
struction for the design, fabrication, and erection of structural steel for buildings. 

2. GENERAL. — To obtain a satisfactory structure, the following major requirements must 
be fulfilled. 

(a) The material used must be suitable, of uniform quality, and without defects affecting 
the strength or service of the structure. 

(b) Proper loads and conditions must be assumed in the design. 

(c) The unit stresses must be suitable for the material used. 

(d) The workmanship must be good, so that defects or injuries are not produced in the 
manufacture. 

(e) The computations and design must be properly made so that the unit stresses specified 
shall not be exceeded, and the structure and its details shall possess the requisite strength and 
rigidity. 

3. MATERIAL. — Structural steel shall conform to the Standard Specifications of the Amer- 
ican Society for Testing Materials for Structural Steel for Buildings, Serial Designation A 9-21, 
as amended to date. 

A. LOADING.— 

(a) Steel structures shall be designed to sustain the dead weight imposed upon them, including 
the weight of the steel frame itself, and, in addition, the maximum live load as specified in each 
particular case. Proper provision shall be made for temporary stresses caused by erection. 

(b) In cases where live loads have the effect of producing impact or vibration, a proper 
percentage shall be added to the static live load stresses to provide for such influences, so tnat 
the total stress found in any member is an equivalent static stress. 

(c) Proper provision shall be made for stresses caused by wind both during erection and 
after completion of the building. The wind pressure is dependent upon the conditions of exposure, 
but the allowable stresses specified in section five (5), paragraphs (f) and (g), are based upon 
the steel frame being designed to carry a wind pressure of not less than twenty (20) pounds per 
square foot on the vertical projection of exposed surfaces during erection, and fifteen (15) pounds 
per square foot on the vertical projection of the finished structure. 

(d) Proper provision shall be made to securely fasten the reaction point of all steel con- 
struction and transmit the stresses to the foundations of the structures. 

5. ALLOWABLE STRESSES. — All parts of the structure shall be so proportioned that 
the sum of the maximum static stresses in pounds per sq. in. shall not exceed the following: 

(a) Tension. — Rolled Steel, on net section 18,000 

(b) Compression. — Rolled Steel, on short lengths or where lateral deflection is 

prevented 18,000 

On gross section of columns, 

18,000 


* 18,000 r* 


with a maximum of i5»ooo 

In which / is the unsupported Icn^h of the column, and r is the corresponding least 
radius of gyration of the section, both in inches. 

For main compression members, the ratio Ijr shall not exceed 120, and for bracing 
and other secondary members, 200. (See Fig. 28.) 

(c) Bending.— extreme fibres of roll^ shapes, and built up sections, net section, 

if lateral deflection is prevented ; • . . 18,000 

When the unsupported length I exceeds 15 times ft, the width of the compression 
flange, the stress in pounds per sq. in. in the latter shall not exceed 

X31 
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20,000 


I + 


2,000 6 * 


The laterally unsupported length of beams and girders shall not exceed 40 times b the 
width of the compression flange. (See Fig. 29.) 

On extreme fibres of pins, when the forces are assumed as acting at the center of 

gravity of the pieces 27,000 

(d) Shearing. — 


On pins. 13.500 

On po ver-driven rivets 13,500 

On turned bolts in reamed holes with a clearance of not more than 1/50 of an inch. . . 13,500 

On hand-driven rivets 10,000 

On unfinished bolts 10,000 

On the gross area of the webs of beams and girders, where /t, the height between 

flanges in inches, is not more than 60 times f, the thickness of the web in inches 12,000 

On the gross area of the webs of beams and girders if the web is not stiffened where h, 
the height between flanges in inches, is more than 60 times /, the thickness of the web, 
the maximum shear per square inch, S/A shall not exceed 


18,000 


7,200 


In which S is the total shear, and A is gross area of web in square inches. (See Fig. 30.) 

Double Single 


(e) Bearing. — Shear Shear 

On pins 30,000 24,000 

On power-driven rivets 30,000 24,000 

On turned bolts in reamed holes 30,000 24,000 

On hand-driven rivets 20,000 16,000 

On unfinished bolts 20,000 16,000 


On expansion rollers per lineal inch 600 times the diameter of the roller 
in inches. 

(f) Combined Stresses. — For combined stresses due to wind and other loads, the permissible 
working stress may be increased 33 1 per cent, provided the section thus found is not less than 
that required by the dead and live loads alone. 

(g) Members Carrying Wind Only. — For members carrying wind stresses only, the per- 
missible working stresses may be increased 33 § per cent. 

6. Symmetrical Members. — Sections shall preferably be symmetrical. 

7. Beams and Girders. — 

(a) Rolled beams shall be proportioned by the moment of inertia of their net section. Plate 
girders with webs fully spliced for tension and compression shall be so proportioned that the 
unit stress on the net section does not exceed the stresses specified in section five (5) as determined 
by the moment of inertia of the net section. 

(b) Plate girder webs shall have a thickness of not less than i- 160 of the unsupported distance 
between the flanges. 

(c) Web splices shall consist of a plate on each side of the web capable of transmitting the 
full stress through the splice rivets. 

(d) Stiffeners. — Stiffeners shall be required on the webs of rolled beams and plate girders 
at the ends and at points of concent rated loads, and at other points where h the clear distance 
between flanges is greater than 85^ V i8,oooA/S-i, in which t is the thickness of the web. When 
stiffe ners are req uired, the distance in inches between them shall not be greater than 
85/ Vl8,oooA/S-i, or not greater than 6 feet. When h is greater than 60 times t the thickness 
of the web of a plate girder, stiffeners shall be required at distances not greater than 6 feet apart. 
Stiffeners under or over concentrated loads shall be proportioned to distribute such loads into 
the web. 

Plate girder stiffeners shall generally be in pairs, one on each side of the web, and shall have 
a close bearing against the flange angles at points of concentrated loading; stiffeners over the 
end bearings shall be on plate fillers. The pitch of rivet in stiffeners shall not exceed 6 in. 

(e) Flange plates of all gfrders shall be limited in width so as not to extend more than 6 in. 
or more than 12 times the thickness of thinnest plate beyond the outer row of rivets connecting 
them to the angles. 
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(f) Crane nmway girders and the supporting framework shall be proportioned to resist the 
greatest horizontal stresses caused by the operation of the cranes. 

(g) Rivets connecting the flanges to the web at points of direct load on the flange between 
stiffeners shall be proportioned to carry the resultant of the longitudinal and tranverse shears. 

(h) Rivets connecting the flanges to the webs of plate girders and of columns subjected to 
bending shall be so spaced as to carry the increment of the flange stress between the rivets. 

8. Column Bases. — 

(a) Proper provision shall be made to distribute the column loads on the footing and founda- 
tions. 

(b) The top surface of all column bases shall be planed for the column bearing. 

(c) Column bases shall be set true and level, with full bearing on the masonry, and be properly 
secured to the footings. 

9. Excentric Loading. — Full provision shall be made for stresses caused by excentric loads. 

10. Combined Stresses. — (a) Members subject to both direct and bending stresses shall be 
so proportioned that the greatest combined stresses shall not exceed the allowed limits. 

(b) All members and their connections which are subject to stresses of both tension and 
compression due to the action of live loads shall be designed to sustain stress giving the largest 
section, with 50 per cent of the smaller stress added to it. If the reversal of stress is due to the 
action of wind, the member shall be designed for the stress giving the largest section and the 
connections proportioned for the largest stress. 

11. Abutting Joints. — C'ompression members when faced for bearings shall be spliced suffi- 
ciently to hold the connecting members accurately in place. Other joints in riveted work, whether 
in tension or compression, shall be fully spliced. 

12. Net Sections. — (a) In calculating tension members, the net section shall be used, and 
in deducting the rivet holes they shall be taken J inch greater in diameter than the nominal 
diameter of the rivets. 

(b) Pin-connected tension members shall have the section through the pin hole 25 per cent 
in excess of the net section of the member, and a net section back of the pin hole equal to 75 
per cent of that required through the pin hole. 

13. Rivets and Bolts. — (a) In proportioning rivets, the nominal diameter of the rivet shall 
be used. 

(b) Rivets carrying calculated stresses, and whose grip exceeds five diameters, shall have 
their number increased i per cent for each additional i/io inch in the rivet grip. Special care 
shall be used in heating and driving such rivets. 

(c) Rivets shall be used for the connections of main members carrying live loads which 
produce impact, and for connections subject to reversal of stresses. 

(d) Fini.shcd bolts in reamed holes may be used in shop or field work where it is impracticable 
to obtain satisfactory jxiwer-driven rivets. The finished shank shall be long enough to provide 
full bearing, and washers used under the nuts to give full grip when turned tight. 

Unfinished bolts may be used in shop or field work for connections in small structures used 
for shelters, and for secondary members of all structures such as purlins, girts, door and window 
framing, alignment bracing and secondary beams in floor. 

14. Rivet Spacing. — (a) The minimum distance between centers of rivet holes shall be three 
diameters of the rivet; but the distance shall preferably be not less than 4^ in. for i J in. rivets, 
A in. for ij in. rivets, 3j in. for i in. rivets, 3 in. for | in. rivets, 2] in. for j in. rivets, 2 in. 
for I in. rivets, and i } in. for \ in. rivets. The maximum pitch in the line of stress of compression 
members composed of plates and shapes shall not exceed 16 times the thinnest outside plate or 
shape, nor 20 times the thinnest enclosed plate or shape with a maximum of 12 in., and at right 
angles to the direction of stress the distance between lines of rivets shall not exceed 30 times 
the thinnest plate or shape. For angles in built sections with two gage lines, with rivets staggered, 
the maximum pitch in the line of stress in each gage line shall not exceed 24 times the thinnest 
plate with a maximum of 18 in. 

(b) In tension members composed of two angles, a pitch of 3 ft. 6 in. will be allowed, and 
in compression members, 2 ft. o in., but the ratio //r for each angle between rivets shall not be 
more than i of that for the whole member. 

(c) The pitch of rivets at the ends of built compression members shall not exceed four di- 
ameters of the rivets for a length equal to i} times the maximum width of the member. 

(d) The minimum distance from the center of any rivet hole to a sheared edge shall be pj 
in. for li in rivets, 2 in. for ij in. rivets, ij fin. for i in. rivets, li in. for J in. rivets, li in. 
for } in. rivets, li in. for f in. rivets, and i in. for i in. rivets. The maximum distance from any 
edge shall be 12 times the thickness of the plate, but shall not exceed 6 in. 

15. Connections. — (a) Connections carrying calculated stresses except for lacing, sag t^rs, 
or angles, hand rails, or l^am connections, shall not have less than 2 rivets; or for field connections 
not less than 3 rivets. 




(b) Members meeting at a joint shall have their lines of center of gravity meet at a point 
if practicable; if not, provision shall be made for any excentricity. 

(c) The rivets at the ends of any member transmitting the stresses into that member should 
have their centers of gravity in the line of the center of gravity of the member; it not, provision 
shall be made for the effect of the resulting excentricity. Pins may be so placed as to counteract 
the effect of bending due to dead load. 

(d) When a beam or girder “ A ” is connected to another member in such a manner that 
A ** acts as a continuous or fixed end beam, proper provision shall be made for the bending 

moments at such a connection. 

(e) Where stress is transmitted from one piece to another, through a loose filler, the number 
of rivets shall be properly increased; tight-fitting fillers shall be preferred. 

1 6. Lfattice. — (a) The open sides of compression members shall be provided with lattice 
having tie plates at each end and at intermediate points if the lattice is interrupted. Tie plates 
shall be as near the ends as practicable. In main members carrying calculated stresses the end 
tie plates shall have a length of not less than the distance between the lines of rivets connecting 
them to the flanges, and intermediate ones of not less than one-half of this distance. The thick- 
ness of tie plates shall not be less than one-fiftieth of the distance between the lines of rivets 
connecting them to the segments of the members, and the rivet pitch shall not be more than 
four diameters. Tie plates shall be sufficient in size and number to equalize the stress in the parts 
of the members. 

(b) Lattice bars shall have neatly finished ends. The thickness of lattice bars shall be not 
less than one-fortieth for single lattice and one-sixtieth for double lattice of the distance between 
end rivets; their minimum width shall be as follows: 

For 15 in. channels, or built sections with 3^ in. and 4 in. angles — 2I in. (J in. rivets), or 2^ in. 
(J in. rivets). 

For 12 in., 10 in., and 9 in. channels, or built sections with 3 in. angles— 2I in. (J in. rivets). 

For 8 in. and 7 in. channels, or built sections with 2^ in. angles — 2 in. (f in rivets), or 2 i in. 
(i in. rivets). 

For 6 in. and 5 in. channels, or built sections with 2 in. angles — i J in. (J in. rivets), or ij in. 
(I in. rivets). 

(c) The inclination of lattice bars to the axis of the members shall generally be not less than 
45®; but when the distance between the rivet lines in the flanges is more than 15 inches, the 
lattice shall be double and riveted at the intersection if bars are used, or else shall be made of 
angles. 



Fig. 28, Allowable Stresses in Columns. American Institute of Steel Construction. 
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Fig. 29. Allowable Stresses in Compression Flanges of Beams and Girders. 
American Institute of Steel Construction. 


(d) Lattice bars shall be so spaced that the ratio Ijr of the flange included between their 
connections shall be not over J of that of the member as a whole. 

17. Expansion. — Proper provision shall be made for expansion and contraction. 

18. Minimum Thickness, — No steel less than 5/16 inch thick shall be used for exterior 
construction, nor less than i inch for interior construction, except for linings or fillers and rolled 
structural shapes. 

These provisions do not apply to light structures such as skylights, marquees, fire-escapes, 
light one-story buildings, or light miscellaneous steel work. 

For trusses having end reactions of 35,000 lb. or over, the gusset plates shall be not less than 
J inch thick. 

19. Adjustable Members. — The initial stress in adjustable members shall be assumed as 
not less than 5,000 lb. 

20. WORKMANSHIP. — (a) All workmanship shall be equal to the best practice in modern 
structural shops. 

(b) Drifting to enlarge unfair holes shall not be permitted. 

(c) The several pieces forming built sections shall be straight and fit close together; and 
finished members shall be free from twists, bends, or open joints. 

(d) Rolled sections, except for minor details, shall not be heated. 

(e) Wherever steel castings are used, they shall be properly annealed. 

(f) Punching. — Material may be punched 1/16 in. larger than the nominal diameter of the 
rivets, whenever the thickness of the metal is equal to or less than the diameter of the rivets, 

E lus i in. When the metal is thicker than the diameter of the rivet, plus i in., the holes shall 
e drilled, or sub-punched and reamed. 

(g) Rivets are to be driven hot, and wherever practicable, by power. Rivet heads shall 
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be of hemispherical shape and uniform size throughout the work for the same size rivet, full, 
neatly finished, and concentric with the holes. Rivets, after driving, shall be tight, completely 
filling the holes, and with heads in full contact with the surface. 

(h) Compression joints depending upon contact bearing shall have the bearing surfaces 
truly faced after the members are riveted. All other joints shall be cut or dressed true and 
straight, especially where exposed to view. 

(i) The use of a burning torch is permissible if the burned metal is not carrying stresses 
during the burning. Stresses shall not be transmitted into the metal through a burned surface. 

21 . Painting. — (a) Parts not in contact, but inaccessible after assembling, shall be properly 
protected by paint. 

(b) -Ml steel work, except where encased in concrete, shall be thoroughly cleaned and given 
one coat of acceptable metal protection well worked into the joints and open spaces. 



Fig. 30. Allowable Shear in Webs of Girders. American Institute of 

Steel Construction. 

(c) Machine finished surfaces shall be protected against corrosion. 

(d) Field painting is a phase of maintenance, but it is important that unless otherwise 
properly protected, all steel work shall after erection be protected by a field coat of good paint 
applied by a competent painter. 

22 . Erection. — (a) The frame of all steel skeleton buildings shall be carried up true and 
plumb, and temporary bracing shall be introduced wherever necessary to take care of all loads 
to which the structure may be subjected, including erection equipment, and the operation of 
same. Such bracing shall be left in place as long as may be reauir^ for safety. 

(b) As erection progresses the work shall be securely bolted up to take care of all dead load, 
wind and erection stresses. 
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(c) Wherever piles of material, erection equipment, or other loads are carried during erection, 
proper provision shall be made to take care of stresses resulting from the same. 

(d) No riveting shall be done until the structure has been properly aligned. 

(e) Rivets driven in the field shall be heated and driven with the same care as those driven 
in the shop. 

23. Inspection. — (a) Material and workmanship at all times shall be subject to the inspection 
of experienced engineers representing the purchaser. 

(b) Material or workmanship not conforming to the provisions of this Specification shall be 
rejected at any time defects arc found during the progress of the work. 

(c) The Contractor furnishing such material or doing such work shall promptly replace 
the same. 

(d) All inspection as far as jx)ssible shall be made at the place of manufacture, and the 
Contractor or Manufacturer shall co-operate with the Inspector, permitting access for inspection 
to all places where work is being done. 

REFERENCES. — For the details of the design of tall buildings the following books may be 
consulte:!: Kidder’s “Architects and Builders Pocketbook Freitag’s “Fire Prevention and 
Fire Protection Freitag's “ Architectural Engineering”; Ketchum’s “The Design of Steel Mill 
Buildings.” 

For a full discussion of foundations for steel office buildings, see Jacoby and Davis, “Founda- 
tions of Bridges and Buildings,” published by McGraw-Hill Book Co. 




CHAPTER III. 

Steel Highway Bridges. 


Definition. — A truss is a framework composed of individual members so fastened together 
that loads applied at the joints produce only direct tension or compression. The triangle is the 
only geometrical figure in which the form is changed only by changing the lengths of the sides. 
In its simplest form every truss is a triangle or a combination of triangles. The members of the 
truss are either fastened together with pins, pin-connected, or with plates and rivets, riveted. 

Tjrpes of Truss Bridges. — The bridge in Fig. i consists of two vertical trusses which carry 
the floor and the load ; of two horizontal trusses in the planes of the top and bottom chords, re- 
spectively, which carry the horizontal wind load along the bridge, and of cross-bracing in the planes 
of the end-posts, called portals, and in the planes of the intermediate posts, called sway bracing. 



Fig. I. Diagrammatic Sketch of a Through Pratt Truss Highway Bridge. 

The floor is carried on joists or stringers placed parallel to the length of the bridge, and which are 
supported in turn by the, floorbeams. The names of the different parts of the bridge are shown 
in Fig. I. The main ties, hip verticals, counters and intermediate posts are together called 
"webs.'* The bridge shown in Fig. i, is a through pin-connected highway bridge of the Pratt 
type, the traffic passing through the bridge. In a deck bridge the roadway floor is carried on top 
of thb main trusses. The bridg'e shown has square abutments; if the abutments are not at right 
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angles to the center line the bridge is called a “skew” bridge. Short span highway and railway 
bridges have low trusses and no top lateral system nor portals, as in Fig. 2 , In a railway bridge 
the loads are carried to the panel points by stringers resting On or riveted to the floorbeams. 



(aj Ream Bndqe* ^cf) L Warren Truse* 



(cj Trass Leg dridqe. (f) Low Pratt Truss.Fult Slope. 

Fig. 3. Types of Short Span Highway Bridges. 

bridge. Where foundations are relatively expensive the beams may be carried on posts as in 
(b), Fig. 3. A truss leg-bridge is shown in (c), Fig. 3. Types (b) and (c) unless constructed with 
great care make inferior structures and are not to be recommended. A Warren truss is a combi- 
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nation of isosceles triangles as shown in (d), Fig. 3 and in (c) and (d). Fig. 4. The Pratt truss 
has its vertical web members in compression while its diagonal web members are in tension, as 
shown in (b), Fig. 4. The Warren truss is commonly built with riveted joints while the Pratt 
truss is usually built with pin-connected joints. The Warren low truss with riveted joints as 
shown in (d) is generally preferred in place of the low Pratt truss in either (e) or (f), Fig. 3. The 
Howe truss has its vertical web members in tension, and its inclined web members in compression 
as shown in (a), Fig. 4. The upper and lower chords and the inclined members of a Howe truss 
are commonly made of timber, while the vertical tension members are iron or steel rods or bars. 



(c) Through Warren Truss (d) Quaprangular Through Warren Truss 



Through Whirpu Truss 


(F) Camel Back Truss 



fiJ Through Petit Tkuss (j)K’TRU55 

Fig. 4. Types of High Truss Steel Bridges. 


The Whipple truss, (c) Fig. 4, is a double intersection Pratt truss. This truss was designed 
to give short panels in long spans which have a considerable depth. The stresses in the Whipple 
truss are indeterminate for moving loads, and its use has been practically abandoned, the Balti- 
more truss, (g) Fig. 4 being used in its place. The quadrangular Warren truss with riveted joints 
is used by the American Bridge Company as a standard truss for through highway bridges, with 
spans of from 80 to 170 ft. Like the Whipple truss its stresses arc indeterminate for moving loads. 

For spans of from, say, 170 to 240 ft. it is quite common to use pin-connected trusses of the 
Pratt type having inclined chords as in (f), Fig. 4. The K-bracing in (h) or (j) is more economical 
of material and gives smaller secondary stresses than the subdivided bracing in (g) and (i), and 
is rapidly replacing both forms of bracing shown. 

The Baltimore truss, (g) Fig. 4, is a Pratt truss with parallel chords in which the main panels 
have been subdivided by an auxiliary framework. The auxiliary framework may have struts 
as in (g), or ties as in (i), Fig. 4. The Baltimore truss with inclined upper chords, (i) Fig. 4, is 
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called a Petit truss. Baltimore and Petit trusses are statically determinate for all conditions 
of loading; are economical in construction and satisfactory in service, and have almost entirely 
replaced the Whipple truss for long span bridges. 

The types of simple bridge trusses described above are those that are in the most common 
use, although quite a number of other types of trusses have been used and abandoned. 

Beams and Plate Girders. — For spans of, say, 30 ft. and under rolled beams are often used to 
carry the roadway, while for spans from about 30 to 100 ft. plate girders are used for city bridges. 
When the roadway is carried on top of the girders, the bridge is called a deck plate girder bridge, 
and when the roadway passes between the girders, the bridge is called a through plate girder 
bridge as in Fig. 19. 

Smi^BRJD6£, CENT£R B£ARfN6 (b) 5m NO BRIDGE y TURNTABLE BEARING 

Fig. 5. Swing Bridges. 

Swing Bridges. — Swing bridges may be made of plate girders or trusses, and may turn on a 
center pivot as in (a), or on a turntable supported on a drum as in (b), Fig. 5. The center pivot 
swing bridge has two spans continuous over the pivot support, while the turntable swing bridge 
has three spans ordinarily continuous over the middle supports. 

Steel Arches. — Steel arch bridges are made (i) with three hinges, (2) with two hinges, and 
(3) without hinges, and may have solid webs, or spandrel or open webs. 

Cantilever Bridges. — A cantilever bridge consists of two anchor spans, which support a 
suspended or channel span. The shore ends of the anchor spans are anchored to the shore piers 
and are supported on the river piers. 

Suspension Bridges. — In a suspension bridge the roadway is supported by hangers attached 
to the main cables. Stiffening trusses are placed above the plane of the roadway to assist in 
distributing the live loads and for the purpose of increasing the rigidity of the structure. 

Simple truss bridges, beam and plate girder bridges, only, will be considered in this book. 

TYPES OF STRUCTURE. — The types of structure for steel highway bridges as recommended 
by the author are given in section 3, “ General Specifications for Steel Highway Bridges,” printed 
in the last part of this chapter. 

The following data will show present standard practice. 

niinois Highway Commission.— The types of highway bridge recommended by the commis- 
sion are as follows: 

Concrete Bridges . — For culverts requiring a waterway of 12 square feet or less, plain or rein- 
forced concrete arch culverts or square culverts, reinforced concrete pipes or double strength cast- 
iron pipe. 

For culverts having an area of more than 12 square feet, and for bridges having a span up to 
30 ft., reinforced concrete slabs, plain or reinforced concrete arches. 

For spans of 30 ft. to 65 ft., reinforced concrete through or deck girders, plain or reinforced 
concrete arches. 

For spans greater than 65 ft., plain or reinforced concrete arches. 

Steel Bridges . — For spans of 12 ft. to 45 ft., steel I-beams; for spans of 30 ft. to 100 ft., plate 
girders or riveted pony trusses; for spans of 90 ft. to 160 ft., riveted trusses with parallel chords; 
for spans of 160 ft. and more, riveted or pin-connected trusses with parallel or inclined upper chords. 

Iowa Highway Commission. — The types of highway bridges recommended by the commission 
are as follows: 

Concrete Bridges . — Box culverts for spans up to 16 ft.; slab bridges for spans from 14 ft. to 
25 ft.; arch culverts and bridges for spans of 6 ft. and over; girder bridges for spans of from 24 ft. 
to 40 ft. 

Steel Bridges . — Steel I-beams up to 32 ft. span; plate girders, 20 ft. to 80 ft. span; low truss 
30 ft. to 100 ft. span; high truss 100 ft. span and over, riveted up to 140 ft. span. 
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Massachusetts Public Service Commission. — ^The types of highway bridge recommended by 
the commission are as follows: 

Steel Bridges. — For spans up to 20 ft., wooden stringers or rolled beams; for spans from 20 ft. 
to 40 ft., rolled beams or plate girders; for spans from 40 ft. to 70 ft., plate girders; for spans from 
70 ft. to 100 ft., plate girders or riveted trusses; for spans from 100 ft. to 125 ft., riveted trusses; for 
spans from 125 ft. up, riveted or pin trusses. 

Wisconsin Highway Commission. — ^The types of highway bridge recommended by the com- 
mission are as follows: 

Concrete Bridges. — Spans of ft. to 10 ft., slab culverts and bridges; spans 10 ft. to 18 ft., 
slab bridges; spans 10 ft. to 40 ft., through girders. 

Steel Bridges. — Spans 10 ft. to 38 ft., rolled beams; spans 35 ft. to 80 ft,, Warren riveted low 
trusses or plate girders; spans 80 ft. to 135 ft., Pratt riveted high trusses; spans over 135 ft., riveted 
high trusses with curved chords. 

WIDTH OF ROADWAY. — The following data will show standard practice. 

Illinois Highway Commission. — The widths of roadways are specified for State Aid Routes, 
Principally Traveled Roads, and Secondary Roads. 

On Designated State Aid Routes. — Bridges up to and including 10 ft. span, 20 to 30 ft. roadway; 
bridges over 10 ft. up to and including 60 ft. span, 18 to 24 ft. roadway; bridges over 60 ft. span, 
16 to 20 ft. roadway. 

On Principally Traveled Roads. — Bridges and culverts 10 ft. or less in span, 20 to 30 ft. road- 
way; bridges over 10 ft. and up to and including 60 ft. span, 16 to 20 ft. roadway; bridges over 60 
ft. span, 16 to 18 ft. roadway. 

On Secondary Roads. — Bridgesand culverts 10 ft. or less in span, 18 to 24ft. roadway; bridges 
over 10 ft. span, 16 ft. roadway. 

Culverts Under Fills. — The length of the barrel of the culvert shall have a length that will 
permit of side slopes of horizontal to i vertical, and a top width of 20 to 30 ft. on State Aid 
Routes, 20 to 30 ft. on Principally Traveled Roads, and 18 to 24 ft. on Secondary Roads. 

Iowa Highway Commission. — The widths of roadway for highway bridges as recommenedd 
by the commission are as follows: 

Concrete Bridges. — For box or arch culverts with spans of 2 ft. to 16 ft., 24 ft. roadway for 
county roads, and 20 ft. for township roads; for slab bridges with spans over 16 ft. span, 20 ft. 
roadway for county roads, and 18 ft. for township roads; for girder bridges over 16 ft. span, 20 ft. 
roadway; for arches over 16 ft. span, 24 ft. roadway for county roads, and 20 ft. for township roads. 
The slopes on fills shall be i J horizontal to I vertical. 

Steel Bridges. — A roadway of 20 ft. on county roads, for all spans, and 18 ft. on township roads 
for all spans. The minimum legal width of roadway is 16 ft. 

Association of State Highway Departments. — The following minimum widths of concrete 
bridges are recommended. 

For First Class Roads. — Culverts under 12 ft. span, 24 ft. roadway; slab bridges over 12 ft. 
span, 20 ft. roadway; all other spans 20 ft. roadway. 

For Second Class Roads. — Culverts under 12 ft. span, 20 ft. roadway; slab bridges over 12 ft. 
span, 18 ft. roadway ; all other spans, 18 ft. roadway. 

For Third Class Roads. — Culverts under 12 ft. span, 20 ft. roadway; slab bridges over 12 ft. 
span, 18 ft. roadway; longer bridges, 16 ft. roadway. 

The above widths of concrete bridges have been adopted by the Wisconsin Highway Com- 
mission. 

LOADS. — The loads carried by a bridge consist of (i) fixed or dead loads, (2) the moving or 
live load, and (3) miscellaneous loads. 

The dead load consists of the weight of the structure and is always carried by the bridge; the 
live load consists of the moving load which the bridge is built to carry, while the miscellaneous 
loads include wind loads, snow loads, etc. Data on dead loads are given in the “ Specifications for 
Steel Highway Bridges ” in the last part of this chapter. 

WEIGHTS OF BRIDGES. — The weight of a bridge is composed of (i) the weight of the steel 
in the steel framework, consisting of the vertical trusses, the upper and lower lateral systems, the 
floorbeams, the portals and sway bracing; (2) the weight of the joists and the fence; and (3) the 
weight of the floor covering. 
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WEIGHTS OF STEEL HIGHWAY BRIDGES.— The following data may be used in calcu- 
lating the dead loads in the design of highway bridges or as a basis for preliminary estimates. 

AMERICAN BRIDGE COMPANY. — Standard Steel Highway Bridges with Timber Floor. 

Timber floor, 3-in. plank on roadway and 2-in. plank on footwalks. Live loads for floor and its 
supports, 100 lb. per sq. ft. of floor surface, or 6 tons on two axles 10 ft. centers and 5 ft. gage, or a 
15-ton road roller. For trusses 100 lb. per sq. ft. of roadway up to a span of 75 ft., 75 lb. per sq. ft. 
of roadway for spans of 168 ft. and over, and proportional for intermediate spans. No allowance 
is made for impact. Designed for allowable stresses given in specifications in the latter part of this 
chapter. Let W = weight of the structural steel per lineal foot of span; L = length of span in feet, 
b = width of roadway in feet (without sidewalks). 

1. Steel Throtigh Plate Girders. — Through plate girder spans 36 ft. to 70 ft., roadway 20 ft. 
wide, without sidewalks, but including stringers. The weight of structural steel per lineal foot 
of span is 

IT = 300 -f 3.8L. (i) 

For sidewalks with steel joists add about 12 lb. per sq. ft. of sidewalks. 

2. Steel Low Riveted Truss Spans, with Timber Floor. — For low truss spans 36 ft. to 102 ft., 
with timber floors, the weight of structural steel per lineal foot of span, not including the weight 
of the stringers and the railing, is given approximately by the formula for a i6-ft. roadway 

W - 100 -h 2.0L. (2) 

and for a 20-ft. roadway 

W = 150 + 17L. (3) 

3. Steel Low Riveted Truss Spans, with Reinforced Concrete Floors. — For low truss spans 
36 ft. to 102 ft., with reinforced concrete floors, 5 in. thick with 6 in. of gravel at center and 3 in. 
of gravel at curb, the weight of structural steel per lineal foot of span, not including the weight of 
the stringers and the railing, is given approximately by the formula for a i6-ft. roadway 


and for a 20-ft. roadway 


W = 150 -f 3.5L. 
IT = 185 -f 3.5L. 


(4) 

(5) 


4. Steel High Truss Spans, with Timber Floor. — For high truss spans 104 to 204 ft., with 
timber floors the weight of structural steel per lineal foot of span, not including the weight of the 
stringers and the railing, is given approximately by the formula for a i6-ft. roadway 


and for a 2o-ft. roadway 


IT = 250 -f 1.5L. 
IT = 285 -f- 1.2L. 


(6) 

(7) 


IOWA HIGHWAY COMMISSION. — Steel Highway Bridges with Reinforced Concrete 
Floor. — Reinforced concrete floor slabs 6 in. thick for all spans in which stringers are used. Slabs 
for stringerless floors 7J in. thick for 8-ft. span, 8 in. thick for 9-ft. span, and 8i in. thick for lo-ft. 
span. Live loads for the floor and its supports a uniform live load of 100 lb. per sq. ft., and a 15-ton 
traction engine with two-thirds of the load on the rear axle; axles spaced ii ft. centers, and rear 
wheels spaced 6 ft. centers. Rear wheels 22 in. wide. The trusses are to be designed for the 
uniform loads given in Table 1 . No allowance is made for impact. 

Let IT = weight of structural steel in lb. per lineal foot of span; L *= length of span in feet; 
b »» width of span in feet (without sidewalks). 

X. Steel Beam Spans. — ^The weight of steel beam spans from 16 ft. to 32 ft. and with i6-ft., 
l8-ft., and 20-ft. roadway are given in Table IX. 
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2. Steel Low Truss Spans, with Stringers. — For low truss highway bridges with spans of 

35 ^5 not including the weight of the fence or the steel stringers, the weight of structural 

steel per lineal foot of span for a i6-ft. roadway is 

^ 235 -f 2.35L. (8) 

and for an i8-ft. roadway is 

W = 240 4- 2.40 L. (9) 

3. Steel Low Truss Spans, without Stringers. — For low truss highway bridges with spans of 
35 ft. to 100 ft., not including the weight of the fence or steel floorbeams, the weight of the struc- 
tural steel per lineal foot of span for a i6-ft. roadway is 

W = 200 -f 4L. (10) 

and for an iS-ft. roadway is 

IT = 225 4 - 4.25L. (ii) 

4. Steel High Truss Spans, with Stringers.— For high through truss highway bridges with 
spans of from 90 ft. to 150 ft., not including the weight of fence or the steel stringers, the weight of 
structural steel p)er lineal foot of span for a i6-ft. roadway is 

W = 245 4- 2.45L. (12) 

and for an i8-ft. roadway is 

IF = 270 4 - 2.7L. (13) 

WISCONSIN HIGHWAY COMMISSION. Steel highway bridges with reinforced con- 
crete floor.— Reinforced concrete floor slabs 6 in. thick for all spans. Live loads for the floor and 
its supports a 15-ton road roller with two-thirds of the load on the rear axle, axles 10 ft. centers, 
rear rolls 4 ft. 10 in. centers, rear rolls 20 in. wide. The trusses designed for the loads given in 
Table I. No allowance is made for impact. Let W = weight of structural steel in lb. per lineal 
foot of span, L = length of span in feet; b = width of roadway in feet (without sidewalks). 

1. Steel Beam Spans. — Weight of steel beam spans from 10 ft. to 38 ft. and for i6-ft., i8-ft. 
and 20-ft. roadway are given in Table X. 

2. Steel Through Plate Girders.— The weight of the structural steel in through plate girder 
highway bridges from 35 ft. span to 80 ft. span including floorbeams spaced 3 to 2} ft. apart, is 
given approximately by the following formula. For a i6-ft. roadway 

= 300 4- 3L. (14) 

For an i8-ft. roadway 

IV = 300 4- 3-25 L. (15) 

and for a 20-ft. roadway 

W = 320 4 - 4 ^* (16) 

3. Steel Low Truss Spans, with Stringers.— The weight of the structural steel in low truss 
steel highway bridges with spans of 35 ft. to 85 ft. span, not including the weight of the fence or 
the steel stringers, is given approximately by the formula. For a i6-ft. roadway 

IT = 80 4 - 3.5^- (17) 

and for an i8-ft. roadway 

W = 80 4L. « (18) 

4. Steel High Truss Spans, with Stringers.— For high through truss steel highway bridges 
with spans of from 90 ft. to 150 ft., not including the weight of the fence or the steel joists, the 
weight of structural steel per lineal foot of span is given approximately by the formula. For a 
i6-ft. roadway 

IF - 180 4 - 2L, 

(20) 


and tor an i8-ft. roadway 


W = 240 4- 2L, 
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ILLINOIS HIGHWAY COMMISSION. Steel highway bridges with reinforced concrete 
floor. — Reinforced concrete floor slabs 4 in. thick with a wearing surface assumed to weigh not 
less than 50 lb. per sq. ft. Live load for floor and its supports a 15-ton traction engine, supported 
on two axles spaced 10 ft. apart, with two thirds of the load on the rear axle; or a uniform live load 
of 125 lb. per sq. ft. The trusses designed for the loads given in Table I. No allowance is made 
for impact. 

Let W = weight of steel in lb. per lineal foot of span, L = span of bridge in feet, b = width of 
roadway in feet (without sidewalks). 

1. Steel Low Truss Spans, with Stringers. — ^The weight of the structural steel in low truss 
steel highway bridges with spans of 50 ft. to 85 ft., not including weight of the fence or the steel 
stringers, is given approximately by the formula. For a i6-ft. roadway, b = 16 ft 

= 235 -h 2.35 L. (21) 

and for an i8-ft. roadway, b = 18 ft. 

IV = 240 4- 2.4L. (22) 

2. Steel High Truss Spans, with Stringers. — The weight of structural steel in high truss steel 
highway bridges with spans of 90 ft. to 160 ft., not including the weight of fence or the steel string- 
ers, is given approximately by the formula. For a ib-ft. span, 6 = 16 ft. 

IF = 140 -h 4^- (23) 

and for an i8-ft. span, b — iS ft. 

IF =» 180 4- 4-5 (24) 

The weights given by formulas (21) to (24) are for bridges with concrete floors weighing 
100 lb. per sq. ft. Calculations by Mr. Clifford Older, Bridge Engineer, Illinois Highway Com- 
mission, show that a variation of the weight of the floor of 10 lb. per sq. ft. makes a similar variation 
in the weight of the structural steel, including the joists, of 4.35 per cent for a 50-ft. span, of 3.75 
per cent for a i6o-ft. span, and proportional for intermediate spans. For the structural steel, not 
including the joists, an average value of 4 per cent may be used for each decrease of 10 lb. per sq. 
ft. of floor surface. 

BOSTON BRIDGE WORKS STANDARDS.* — The weights of steel highway bridges 
designed by the Boston Bridge Works are as follows; 

Through truss highway bridges without sidewalks designed for a live load of 80 lb. per sq. ft. 
for the trusses, 100 lb. per sq. ft. and a 6-ton wagon for the floor The weight, w, of steel in lb. 
per sq. ft. of area covered by the floor, not including joist or fence, for a span of L ft., is 

w = 5 4* L/9.5 (25) 

The weight of through truss highway bridges with two sidewalks is 

w * 2.8 4- L/11.3 (26) 

The sidewalks were 5 or 6 ft. wide, and the clear roadways were 16 to 20 ft. The total area 
covered by the roadway and sidewalk floors is to be used in calculating the weight of steel. 

Weights of Steel Highway Plate Girder Bridges. — The weights of highway plate girder 
bridges as designed by the Boston Bridge Works for the live loads shown are as follows. 

Deck plate girder highway bridges without sidewalks designed for a live load of 100 lb. per 
sq. ft. for girders, 100 lb. per sq. ft. and a 6-ton wagon for the floor. The weight, w, of steel in 
lb. per sq. ft. of area covered by the floor, not including joist or fence, for a span of L ft., is 

w = 2.5 4- L/3.4 (27) 

* Published by permission of John C. Mbscs, Chief Engineer. 
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The weight of deck plate girder highway bridges with sidewalks is 

vj * 2.5 + L/4.4 (28) 

The weight of through plate girder highway bridges without sidewalks is 

w = 3 -f L/4.25 (29) 

The weight of through plate girder highway bridges with sidewalks is 

w = 3-3 + ^/5-6 (30) 

Weight of Electric Railway Bridges. — ^The Boston Bridge Works gives the following formula 
for the weight of electric railway bridges, where W = total weight of steel in lb. per lineal foot of 
bridge and L is the span of the bridge in feet. 

Beam bridges 

“ 50 -f 5 ^ (3O 

Light truss bridges 

W = 200 -f 0.8L (32) 

Heavy truss bridges 

= 250 + 1.5 L (33) 

The beam bridges were designed for 30-ton cars; the light truss bridges were designed for 

15-ton cars or 1,500 lb. per lineal foot of bridge, and the heavy truss bri ’ges v.^.e designed for 
30- ton cars, or 2,000 lb. per lineal foot of bridge. 

LIVE LOADS. — The live loads for highway bridges are usually assumed to consist of a uni- 
form live load for the trusses and a uniform live load or a concentrated moving load for the floor 
and its supports. A few highway bridge specifications require that trusses be designed for a con- 
centrated moving load as well as for a uniform live load, and also that the floor and its supports be 
designed for a concentrated moving load and that the portion of the floor of the bridge not covered 
by the concentrated load be covered with a uniform live load. In calculating the stresses in the 
truss members the uniform live load is commonly assumed as applied in full joint loads at joints 
on the loaded chord. Moving loads and loads suddenly applied produce stresses that are greater 
than the static stresses due to stationary loads or to loads gradually applied. This increase in 
stress due to moving loads or due to loads suddenly applied is called impact stress. 

IMPACT. — The effect of impact or increase in live load stresses over the stresses due to the 
same loads gradually applied, is very much less for highway bridges than for railway bridges. 
Experiments made by Professor F. O. Dufour and recorded in Journal of Western Society of Engi- 
neers, June, 1913, show that the effect of impact on steel truss highway bridges with concrete floors 
is very small. The effect of impact on steel truss bridges with plank floors is considerably larger 
than for bridges with concrete floors. The maximum impact percentages do not occur with maxi- 
mum static stresses. Experiments made at the University of Colorado under the author’s direction 
show that the effect of impact on highway bridges is very much less than for railway bridges. 

Tests now (1924) being carried on at Iowa State College with the cooperation of the Iowa 
State Highway Commission and the U. S. Bureau of Public Roads show that moving #ucks, 
motor cars and tractors produce a much greater impact than was generally believed. While 
the investigation has not been completed, the tests thus far would appear to indicate (i) that 
the impact effect on the floorbeam hangers is very much greater than on the stringers, (2) that 
the impact on the truss members is less than on the stringers, (3) that impact on a highway bridge 
with concrete floor is probably greater than on a bridge with a timber floor. Based on these tests 
the Iowa State Highway Commission has adopted the following specification for impact in its 
1^23 Specifications for Highway Bridges. “ For I-beam spans and floor systems of trusses and 
girders the impact shall taken as 33 J per cent; for floorbeam hangers the impact shall be 
taken as 66} per cent; for trusses and through girders the impact shall be given by the formula 
I - 75/(L 4 " 200) where L « loaded length of span in feet.” 
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The “ Specifications for Steel Highway Bridges adopted by the American Association of 
State Highway Officials in 1923, require that impact shall be calculated by the formula 

/ = ^ + 250 
loL 4- 500 

The bridge committee of the American Society of Civil Engineers in the tentative “ Specifi- 
cations for Steel Highway Bridges ” presented to the Society June 25, 1923, adopted the following 
specification for impact on highway bridges. “ For floorbeams and stringers / = 30 per cent, 
on floorbeaui hangers / = 60 per cent. For girders and trusses, I — ioo/(L -f 300) where 
L = loaded length of span in feet.” 

Ketchum*s Specifications for Impact. — The author has adopted the following impact factors 
for concrete bridges and steel bridges. 

(a) For concrete arches with spandrel filling or culverts with a minimum filling of one foot, 
no allowance for impact. 

(b) For concrete slab and girder bridges and trestles, and arches without spandrel filling, 30 
per cent for impact. 

(c) For steel bridges the following allowance for impact. For the floor and its supports in- 
cluding floor slabs, floor i nst, floorbeams and hangers, 30 per cent. 

For all truss members other than the floor and its supports, the impact increment shall be 
I = ioo/(L 4- 300), where L = length of span for simple highway spans (tor trestle bents, towers, 
movable bridges, arch and cantilever bridges, and for bridges carrying electric trains, L shall be 
taken as the haded length of the bridge in feet producing maximum stress in the member). 

CONCENTRATED LIVE LOADS. — Traction engines weighing 20 tons are quite common in 
the west and northwest. The heaviest motor truck in common use has a capacity of 7J tons and 
a total weight of 13 tons, with nearly 10 tons on the rear axle. With an overload of 50 jxjr cent, 
which is not unusual, this truck would carry 14 tons on the rear axle. The maximum road roller 
weighs 20 tons. 

The Association of State Highway Officials in ” Specifications for Steel Highway Bridges,” 
adopted in 1923, specifies the following live loads. Class A bridges (bridges on primary roads) 
with roadway 18 ft. or more are to be designed for two 15-ton trucks (2-15). Class B bridges 
(light traffic bridges) are to be designed for one 15-ton truck (1-15). C lass (' bridges (heavy 
traffic bridges) for roadway less than 18 ft., one 20-ton truck (1-20); for bridges over 18 ft., 
two 20-ton trucks (2-26). The standard truck is to have axles 14 ft. centers, wheels 6 ft. centers, 
80 per cent of total load on rear axle, each rear tire to have one inch in width for each ton weight 
of truck. 

The 1923 specifications of the Iowa State Highway Commission has adoj>ted the above 
loadings, and has added a fourth. For unimportant bridges the live load on bridges with a 
roadway less than 18 ft. shall be one lo-ton truck (i-io), and for bridges with roadway more 
than 18 ft., one 15-ton truck (1-15). 

The tentative 1923 ” Specifications for Steel Highway Bridges ” of the American Society 
of Civil Engineers specify the same liveloadsas American Association of State Highway Officials. 

For additional data see article entitled “Concentrated Live Loads for Highway Bridges,” 
by Milo S. Ketchum, printed in University of Colorado Journal of Engineering, October, 1916. 

Ketchum’s Specifications for Concentrated Moving Loads. — The author has adapted the 
following specifications for moving concentrated loads. 

(a) That highway bridges on main roads or near towns or cities shall be designed to carry 
a 20-ton motor truck with axles spaced 12 ft. and wheels with a 6-ft. gage, with 14 tons on rear axle 
and ^ons on front axle. The truck to occupy a space 10 ft. wide and 32 ft. long. The rear wheels 
to have a width in inches equal to the total load in tons (20 in. for a 20-ton truck). 

(b) That bridges not on main roads shall be designed for a 15-ton motor truck with axles 
spaced 10 ft. and wheels with a 6-ft. gage, and occupying a space 10 ft. wide and 30 ft. long, with 
10 tons on rear axle and 5 tons on front axle, and with rear wheels 15 in. wide. 

(c) To provide for impact and vibration and unevenness of road surface thirty (30) per cent 
is to be added to the maximum live load stresses. Only one motor truck is to be assumed to be on 
a bridge at one time. 

Motor trucks have narrower tires and are driven at greater speeds than traction engines, and 
therefore not only produce greater static stresses in the floor, but should have a greater impact 
allowance. In view of the above, it would not appear to be necessary to consider any road rollers 
or traction engines now in use in addition to the above motor-truck loadings. 
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DISTRIBUTION OF CONCENTRATED LOADS. — In designing floor slabs, floor stringers 
and floorbeams it is necessary to know the distribution of the concentrated loads. 

Concrete Floor Slabs. — Tests of the distribution of concentrated loads on concrete floor slabs 
have been made by the Ohio Highway Commission, the results of which are given in Bulletin No. 
28, published by the Commission; by Mr. W. A. Slater at the University of Illinois and described 
in Proceedings of American Society fo^ Testing Materials, Vol. XIII, 1913, and by A. T. Goldbeck 
and E. B. Smith, described in Journal of Agricultural Research, Vol. VI, No. 6, Department of 
Agriculture, Washington, D. C., May 8, 1916. 

Ohio Tests. — The following conclusions drawn from the Ohio tests are of interest: 

“ The percentage of reinforcement has little or no effect upon the distribution to the joists, so 
long as safe loads on the slabs are not exceeded. 

“ The outside joists should be designed for the same total live load as the intermediate joists. 

“ The axle load of a truck may be considered as distributed over 12 ft. in width of roadway. 

“The safe value for ‘effective width ’of a slab, where the total width of slab is greater than 
1.33 L -f 4 ft. is given by the formula, e — 0.6L + 1.7 ft., where e = effective width (width over 
which a single concentrated load may be considered as uniformly distributed on a line down the 
middle of the slab parallel to the supports) and L = span in feet.*^’ 

Slater Tests. — It was recommended that where the total width of slab is greater than twice 
the span, the effective width be taken as ^ = 4:^/3 -f d, where x is the distance from the concen- 
trated load to the nearest support, and d is the width at right angles to the support over which the 
load is applied. While the depth of slab and the amount of longitudinal reinforcement had little 
effect on the distribution, it was recommended that the latter be limited to i percent. , 

' Goldbeck and Smith Tests. — Tests were made on three slabs, each slab being 32 ft. wide, 16 ft. 
span, and with effective depths of 10.5 in., 8.5 in. and 6 in., respectively. All slabs were made of 
l-2~4 Portland cement concrete, and were reinforced with 0.75 per cent of mild steel. 

The following conclusions were drawn from these tests: 

(0 The effective width decreases as the effective depth increases; the effective width for safe 
loads being 75.7 per cent; 81. i per cent, and hk). 3 per cent of the span, for the slabs having effective 
depths of 10.5 in., 8.5 in. and 6 in., respectively. 

(2) For slabs in which the ratio 01 the width of the slab is not less than twice the span length, 
the effective width may be taken as 

e = o.yL (34) 

where e is the effective width and L is the span length. 

(Additional tests by Goldbeck, Proceedings American Concrete Institute, 1917, show that 
formula (34) may be used when the width of the slab is not less than the span.) 

Watson’s “ General Specifications for Concrete Bridges,” third edition, 1916, specifies that con- 
centrated loads on reinforced concrete slabs may be assumed as distributed over a distance of 4 ft. 
at right angles to the supix^rts, and a distance ixirallel to the supports equal to 2 ft. plus three- 
tenths of the span of the slab. 

The State Highway Dep>artment of Ohio uses the following distribution of concentrated loads 
on floor slabs. 

For spans less than 6 ft. the percentage, p, of the wheel load carried by one foot in width of 
slab for a span in feet, /, is given by the formula 

p = 42 - 4/ (35) 

while for spans greater than 6 ft. the percentage, />', of the wheel load carried by one foot in width 
of slab for a span in feet, /, is given by the formula 

p' = 20 - 0.4/ (36) 

For a span of 5^ ft., from formula (35), p = 20 per cent, and the concentrated load is assumed 
as carried by a slab 5 ft. wide, applied on a line parallel to the supports. 

For a span of 10 ft., from formula (36), p' = 16 per cent, and the concentrated load is assumed 
as carried by a slab 6.67 ft. wide, applied on a line parallel to the supports. 

Floor Stringers and Floorbeams. — The 1923 “ Specifications for Steel Highway Bridges ” 
adopted by the American Association of State Highway Officials, the 1023 “ Specifications for 
Steel Highway Bridges ” of the American Society of Civil Engineers, and the 1923 “ Specifications 
for Steel Highway Bridges ” of the Iowa State Highway Commission contain the following 
specifications for the distribution of loads to floor stringers and floorbeams. 
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Bending Moment in Stringers . — In determining bending moments in stringers, each wheel 
load shall be assumed to be concentrated at a point. 

When the floor system is designed for one truck, each interior stringer shall be proportioned 
to support that i>art of one rear-wheel load, or those parts of one front-wheel load and one rear- 
wheel load, represented by a fraction the numerator of which is the stringer spacing, in feet, 
and the denominator of which is 4 ft. for plank floors; 5 ft. for 4-in. and 6- in. strip floors and 
wood blocks on a 4-in. plank sub-floor; 6 ft. for reinforced concrete floors. 

When the floor system is designed for two trucks, the corresponding lengths shall be: 3 ft. 
6 in. for plank floors; 4 ft. for 4-in. and 6-in. strip floors and wood blocks on a 4-in. plank sub-floor; 
4 ft. 6 in. for reinforced concrete floors. When the stringer spacing is greater than this distance, 
the stringer loads shall be determined by assuming the flooring between stringers to act as simple 
beams. 

The live load supported by the outside stringers shall in no case be less than would be required 
for interior stringers. 

Bending Moment in Floorheams . — In determining bending moments in floorbeams, each 
wheel load shall be assumed as concentrated at a point. When stringers are omitted and the 
floor is supported directly on the floorbeams, the latter shall be proportioned to carry that fraction 
of one axle load, when the floor system is designed for two trucks, the numerator of which is the 
floorbeam spacing, in feet, and the denominator of which is: 4 ft. for plank floors; 5 ft. for 4-in. 
and 6-in. strip floors and wood blocks on a 4-in. plank sub-floor; 6 ft. for reinforced concrete 
floors. When the spacing of floorbeams exceeds the denominator given, but is less than the 
axle spacing (14 ft.), each beam shall be proportioned to carry the full axle load or loads. 

Ketchum’s Specifications for Distribution of Concentrated Loads. — From a study of the 
various tests and specifications, the author has adopted the following rules for calculating the 
stresses in slabs, stringers and floorbeams: 



; ; I I 5 ; ^ 
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Fig.6. Fig. 7. 

(a) The distribution of concentrated wheel loads for bending moments in reinforced concrete 
slabs with longitudinal girders shall be calculated by the formula, 

e = i (I + c) (37) 

with a maximum limit of 6 ft. for e, where e = effective width (distance that the load may be con- 
sidered as uniformly distributed on a line down the middle of the slab parallel to the supports), 
/ = span, and c — width of tire of wheel, all distances in feet. See Fig. 6. 

(b) The distribution of concentrated wheel loads for bending moments in reinforced concrete 
slabs with transverse girders shall be calculated by the formula 

e = 2//3 -f c (38) 

with a maximum limit oF6 ft. for e, where e = effective width, / * span, and c = width of tire of 
wheel as defined in paragraph (a). See Fig. 7. 

(c) The distribution of concentrated wheel loads for bending moments in slabs of girder 
bridges in which the span of the bridge is not less than the width of bridge center to center of 
girders, shall be calculated for spans of 9 ft. or over by the formula 

« ” *^/3 ( 39 ) 

with a maximiuii limit of e — 12 ft., where e » effective width, and I span as defined in pnra* 
graph (a). 
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{d) The effective width for shear in beams carrying concentrated loads shall be taken the same 
as for bending moment as calculated by formula (37) or formula (38), with a minimum effective 
width of 3 ft. and a maximum effective width of 6 ft. 

The total shear for an effective width of 3 ft. shall be considered as punching (pure) shear. 
The total shear for an effective width of 4.5 ft. and over shall be considered as beam shear (a 
measure of diagonal tension), for elfective widths between 3 ft. and ^5 ft. the total shear shall be 
divided proportionally between punching shear and beam shear. Beam shear shall be used in 
calculating oond stress and as a measure of diagonal tension. 

(«) In the design of longitudinal joists or stringers with concrete floors, the fraction of the 
concentrated load carried by one stringer for spacings 6 ft. or less will be taken equal to the stringer 
spacing in feet divided by 6 ft.; with plank floors the fraction of the concentrated load carried by 
one stringer for 8p>acings 4 ft. or less will be taken equal to the stringer spacing in feet divided 
by 4 ft., the maximum in each case being the full load. Outside stringers are to be designed for 
the same load as intermediate stringers. 

(/) In the design of transverse stringers or floorbeams with concrete floors, the fraction of the 
concentrated load carried by one floorbeam for floorbeams spaced 6 ft. or less, will be taken equal 
to the floorbeam spacing divided by 6 ft. For floorbeams spaced 6 ft. or over the entire reactions 
are assumed as carried by one floorbeam. Axle loads are assumed as distributed on a line 12 ft. 
long. 

UNIFORM LIVE LOADS FOR TRUSSES. — The uniform live loads for trusses of steel high- 
way bridges as specified by the highway commissions of Illinois, Iowa and Wisconsin, the American 
Concrete Institute, 1916, and the uniform loads as specified by the author for classes Dj and Dj 
are given in Table I. The Di and D2 loadings are to be taken as proportional for intermediate 
spans, and are to be increased for impact. 

It will be seen that the Di loadings with impact added are practically the same as the Illinois 
loadings; while the D2 loadings with impact added are practically the same as the Iowa and Wis- 
consin loadings. 

TABLE I. 

Uniform Live Loads for Highway Bridges. 


Illinois High' 
wav CommiS' 

Iowa High- 
way Commis* 

Wisconsin High- 
way Commission. 

American Concrete Institute, 

1916. 

Ketchum's. 

Specifications, 1918. 

sion. 


sion. 


Class A, 

Class B. 

Class D] 


Class Dj. 

£ 

i 

(/i 

Load. 
Lb./Sq. Ft. 

£ 

i 

(/) 

M 

U. 

a 

1 

<fi 

M 

JH 

3 

• 

T 3 . 

U. 

c 

« 

a 

C/J 

.Ua 

u 

Cz. 

a 

et 

a 

C/) 

J 3 

iZ 

a 

n 

a 

t /3 

jO 

Up to qo 

125 

Up to 50 

100 

Up to 40 

125 

Up to 80 

I 2 S 

Up to 80 


30 

125 

30 


50-100 

100 

50-100 

90 

50 

120 


no 



50 

106 

50 


100- 150 

■C>1 

100-150 

80 

75 

106 




80 

80 

85 

80 

75 

150-200 

8s 

150-200 

70 

100 

93 

125-150 


1 25-1 50 

75 

100 

80 


71 

Over 200 

8s 

200-250 

so 

150 1 

m 

150-200 

8;; 


65 

160 

68 

160 



Over 250 

■ 


1 

■ 





60 

200 and 
over 

SO 


Iowa State Highway Commission, Class Di and Di bridge loadings, to be increased for impact. 


Highway Live Loads for Girders and Trusses. — ^The 1923 highway bridge specifications of 
the American Association of State Highway Officials, the Iowa State Highw'ay Commission, 
and the 1923 tentative specifications of the American Society of Civil Engineers contain the 
following sp^ification for floor loads for girders and trusses, and for floors, as given in Table la. 

The uniform load used shall correspond to the length of that portion of the span which, 
when fully loaded, will produce maximum stress in the member under consideration. 

When the loaded length is less than 50 ft., girders and truss members shall be designed for 
the floor live load. The trucks shall be placed so as to produce the most severe stresses. Two 
trucks shall be considered as headed in the same direction. Trucks in tandem need not be con- 
sidered. 
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TABLE la. Uniform Live Loads for Girders and Trusses 


Loaded Length, ft. 

Live Load in lb. per sq. 

ft. Proportionate Values for Intermediate Lengths 

i-iS Ton Truck 

1-20 Ton Truck 
a-is Ton Truck 

2-20 Ton Truck 

50 

100 

130 

180 

100 

80 

90 

120 

200 and more 

60 

70 

90 


Sidewalk Live Loads. — Side walk live loads shall be 8o lb. per sq. ft. for loaded lengths of 50 
ft., or less, and 60 lb. per sq. ft. for 100 ft., or more- For intermediate lengths proportionate loads 
shall be used. 

Floor Live Loads. — All parts of the floor system and all girders and truss members when 
the loaded length is less than 50 ft., shall be designed for the following loads: (1-15) one 15-ton 
truck, or 100 lb. per sq. ft. of roadway; (1-20) one 20-ton truck, or 130 lb. per sq. ft. of roadway; 
(2-15) two 15-ton trucks; (2-20) two 20-ton trucks. 

In bridges involving three or more lines of traffic, the floorbeams and floorbcam hangers 
shall be designed for two trucks assumed to be located in the most iinfav^orable position, together 
with a uniform live load of 100 lb. f)er sq. ft. on the remaining lines of roadway not occupied 
by the trucks. 

DESIGN OF HIGHWAY BRIDGE FLOORS. Types of Floors. — The choice of floor for a 
highway bridge depends upon the traffic, the cost, including first cost and cost of maintenance, and 
the climate. A highway bridge floor consists of a sub-floor which has the necessary strength to 
carry the loads and a wearing surface. Plank floors and reinforced concrete slabs without wearing 
surface have the sub-floor and wearing surface combined. A highway bridge floor should have 
a strength and a weight appropriate to the structure of the bridge, and should be well drained. 
The wearing surface should be waterproof, capable of resisting wear and should be as smooth as 
possible without being slippery. For proper drainage the wearing surface should have a longi- 
tudinal grade of not less than i in 50 or a transverse slope of not less than i in 12. Sub-floors for 
highway bridges are made (i) of reinforced concrete; (2) of buckle plates or other steel sections, 
and (3) of timber. The most common wearing surfaces for highway bridge floors are (a) concrete, 
(b) bituminous concrete, (c) asphalt, (d) creosoted timber blocks, {e) brick, (/) stone block, (g) 
macadam, (h) gravel or earth. The different types of sub-floors and wearing surfaces for highway 
bridges will be described in some detail. 

Reinforced Concrete Floor Slabs. — Reinforced concrete floor slabs on steel highway bridges 
may be supported on joists or stringers and floorbeams, or by the floorbeams alone. Stringers 
are used for beam bridges and are commonly used for truss bridges, while the stringerless floor is 
commonly used on plate girder bridges. The sub-floor slabs are commonly calculated to carry 
the dead load due to the weight of the slab and of the wearing surface, and a live load consisting 
of a uniform load per square foot or a concentrated moving load. The thickness of reinforced 
concrete slabs in short spans is commonly determined by the concentrated moving load. The 
stresses in reinforced concrete slabs due to a concentrated load will depend upon the distribution 
of the load over the slab. The different methods for the distribution of concentrated loads in use 
in different specifications have been described and the specifications adopted by the author have 
already been given. 

Design of Reinforced Concrete Floor Slabs. — ^The live loads and the distribution of loads on 
floor slabs as specified by the author are given on pages ii2d and ii2f. The concrete should be 
a 1-2-4 Portland cement concrete that will give a compressive strength of not less than 2,000 lb. 
per sq. in. when tested in cylinders 8 in. in diameter and 16 in. long after having been stored for 
28 days in moist air. Allowable compression in slabs, 650 lb. per sq. in.; allowable tensile stress 
in steel, 16,000 lb. per sq. in., modulus of elasticity of steel to be taken as 15 times the modulus of 
elasticity of concrete, allowable shear as a measure of diagonal tension 40 lb. per sq. in. ; punching 
shear 120 lb. per sq. in., bond stress in slabs 120 lb. per sq. in. 
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The thickness of floor slabs when supported on longitudinal joists or stringers is given in 
Table II and the thickness of floor slabs when supported on cross floorbeams (stringerless floor) 
is given in Table III. The reinforcing steel for reinforced concrete floor slabs is given in Table 
IV. The reinforcement given in the table is to be placed at the bottom of slabs calculated as 
simply supported and at top and bottom of slabs calculated as continuous or partially continuous. 

TABLE II. 


Thickness of Reinforced Concrete Floor Slabs, used with Joists. 


Simply Supported, Reinforcement on Under Side Only. 

Fully Continuous, Reinforcement on Both Sides. 


i2-Ton Truck. | 

15-Ton 

Truck. 1 

ao-Ton Truck. 


xa-Ton Truck. 

15-Ton Truck. 

ao-Ton Truck. 

S^an, 

Weight of Wearing Surface, Lb, per Sq. Ft 

"r- 

Weight of Wearing Surface, Lb. per Sq. Ft. 


0 

xoo 

0 

100 

0 

too 


0 

XOO 

0 

xoo 

0 

ZOO 


in. 

in. 

in. 

in. 

in. 

in. 


in. 

in. 

in. 

in. 

in. 

in. 

2 

5i 

5l 

Sh 

sh 

5^ 

5^ 

2 

45 

45 

4l 

4j 

4I 

4! 

3 


6 

6i 

6i 

65 

62 

3 

5 

5 

5i 

si 

si 

si 

4 

6i 

65 

65 

6i 

7 

75 

4 

5i 

si 

si 

si 

6 

6i 

5 

65 

6J 

62 

7 

7i 

8 

5 

si 

si 

si 

6 

65 

65 

6 

6} 

7 

75 

7i 

81 

85 

6 

5i 

6 

6 

6i 

6i 

7 



Center of reinforcing i in. from face of slab. Impact 30 per cent. 





Reinforced as in 

Fable IV. 









TABLE III. 


Thickness of Reinforced Concrete Floor Slabs, used without Joists. 


Simply Supported, Reinforcement on Under Side Only. 

Partially Continuous, 

Reinforcement or 

Both Sides. 

s^.„. 

ij-Ton Truck. 

15. Ton Truck. 

ao-Ton Truck. 

Span, 

Ft. 

la-Ton Truck. 

15-Ton Truck. 

20-Ton Truck. 

Weight of Wearing Surface, Lb. per Sq. F't. 

Weight of Wearing Surface, Lb. per Sq 

Ft. 


0 

xoo 


xoo 

0 

xoo 


0 

xoo 

0 

xoo 

0 

xoo 


in. 

In. 

in. 

in. 

in. 

in. 


in. 

in. 

in. 

in. 

in. 

in. 

2 

si 

si 

6 

6 

65 

65 

2 

si 

si 

s5 

si 

si 

si 

3 

6i 

61 

65 

65 

7 

7 

3 

si 

si 

si 

6 

65 

65 

4 

65 

6} 

62 

7 

73 

7i 

4 

6 

6 

6i 

6i 

6i 

7 

5 

62 

7 

7 

7^ 

8 

8i 

5 

6 

6i 

65 

65 

7 

75 

6 

7 

7-J 

7i 

73 

8i 

85 

6 

6i 

65 

65 

7 

7i 

7i 

7 

7 

72 

7l 

8i 

8| 

9 

7 

65 

6i 

6i 

75 

8 

8i 

8 

7i 

8i 

«i 

8J 

9l 

9i 

8 

6i 

7i 

7i 

8 

85 

9 

9 

8 

8i 

82 

9i 

10 

io5 

9 

7i 

8 

8 

85 

9 

9i 

10 

8i 

9 l 

9l 

10 

loi 

Hi 

10 

7l 

8i ‘ 

8i 

9 

9i 

10 


Center of reinforcing I in. from face of slab for slabs less than 7J in. thick. 

Center of reinforcing 1} in. from face of slab for slabs 7J in. and over, in thickness. 
Impact 30 per cent, of live load. 

Reinforced as in Table IV. 



Examples of Reinforced Concrete Floor Slabs. — The reinforced concrete floor slabs used by 
the Wisconsin Highway Commission are given in Fi^. 14, Fig. 15, Fig. 21 and Fig. 22. The floor 
slabs used by the Iowa Highway Commission are given in Fig. 12, Fig. 13, Fig. 17, and Fig. 24. 
For a stringerless floor the slabs used by the Iowa commission agree very closely with the values 
given in Table III. 
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TABLE IV. 

Reinforcement for Reinforced Concrete Floor Slabs. 


The reinforcement given in this table is to be used at the bottom of slabs figured as simple 
supported, and at the top and bottom of slabs figured as continuous or partially continuous over 
the supports. Longitudinal reinforcement in. round or square bars spaced two feet centers. 


Total 
Thick- 
ness. In. 

Concrete 
Outside 
Crater 
of Steel, 
In. 

Area of 
Steel per 
Foot 
Width. 
Sq. In. 

Weight 
of Slab, 
Lb. per 
Sq. Ft. 

Spacing of Bars in Inches. | 

Round. 

Square. 

|In. 

|In. 

fin. 

Jin. 

Jin. 

i In. 

fin. 

Jin. 

5 

I 

0.370 

63 

3 i 

6i 

10 


4 i 

8 

I2i 


si 

I 

0.416 

69 


Si 

9 


4 

7 i 

Hi 


6 

I 

0.462 

75 

2i 

5 

8 


3 i 

6i 

10 


6i 

I 

0.508 

81 

2i 

4 i 

7 i 


3 i 

6 

9 i 


7 

I 

0-554 

88 

2i 

4 i 

6i 


3 

si 

8i 


7i 

il 

0.578 

94 


4 , 

6i 


3 

si 

8 


8 

li 

0.624 

100 

2 

3 i 

6 


2i 

4 t 

7 i 


8i 

li 

0.670 

106 

2 

3 i 

si 

8 

2i 

4 i 

7 

10 

9 

li 

: 0.716 

113 


3 i 

si 

7 i 


4 i 

6i 

9i 

9J 

li 

0.762 

119 


3 , 

4 i 

7 


4 

6 

9 

10 

li 

0.809 

125 


2i 

4 i 

6i 


3 i 

Si 


II 

li 

0.901 

138 


2i 

4 

6 


3 i 

si 

7 i 

12 

li 

0.993 

150 



3 i 

si 


3 

41 

6i 


Interpolate for intermediate slabs. 


The Illinois Highway Commission for stringer spacings of about ft. uses a concrete sub- 
floor 4 in. thick, with a 4 in. concrete wearing surface, or a 3 in. creosoted timber block wearing 
surface. The concrete sub-floor, 4 in. thick, is reinforced on the under side with i in. square bars, 
spaced 6 in. centers and centers i in. above lower edge. Transverse reinforcement consists of 
I in. square bars spaced 12 in. centers. The concrete is sjaecified as 1-2-3J mix, and is designed 
for a stress of 800 lb. per sq. in. 

The West Virginia Highway Commission specifies 1-2-4 concrete and a minimum thickness 
of slab of 5 in. to the center of the tension reinforcement. 

The Ohio Highway Commission specifies concrete slabs for different stringer spacings as 
follows: 5 in. slab for 2 ft. spacing; 6 in. slab for 3 ft. spacing; 6 in. slab for 4 ft. spacing. 

Specifications for highway bridges of the state of Nebraska specify slabs made of concrete of 
a 1-2-4 6 in. thick reinforced with i in. round bars spaced 6 in. centers. The bottom of the 

concrete to be 1 inch below top of joists. 

The standard reinforced concrete floor used by the Michigan Highway Commission is shown 
in Fig. 8. The slab is 6i in. thick at the center and 6 in. thick at the curb. The details of the 
floor are shown in the cut. 

Buckle Plates. — Buckle plates are made by “dishing” flat plates as in Table 55, Part II. 
The width of the buckle W or length L, varies from 2 ft. 6 in. to 5 ft. 6 in. The buckles may be 
turned with the greater dimension in either dimension of the plate. Several buckles may be put 
in one plate, all of which must be of the same size and be symmetrically placed. Buckle plates 
are made i in., A in., J in. and ^ in. thick. Buckle plates should be firmly bolted or riveted 
around the edges with a maximum spacing of 6 inches, and should be supported transversely 
between the buckles. The process of buckling distorts the plates and an extra width should be 
ordered, and the plate should be trimmed after the process is complete. The buckle plates are 
usually supported on the tops of the stringers, but may be fastened to the bottoms of the stringers. 
The space above the buckles is filled with concrete which carries the wearing surface. Buckle 
plates are now seldom used except for special floors and heavy floors where the weight of a rein- 
forced concfets floor would bd too great, or where it is necessary to cut down the clearance. 
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Plank Floors. — ^As long as an excellent grade of timber was available and the concentrated 
loads were not excessive, timber floors were quite satisfactory when properly constructed. Plank 
floors should be of white oak, long leaf yellow pine or similar timber, laid transversely. Where 
two layers of plank are used the lower layer is laid diagonally. Planks should be from 8 in. to 
12 in. wide and not less than 3 in. thick. To carry modern auto trucks the plank should have a 
minimum thickness in inches of three halves the spacing of the stringers in feet. Planks should 


Concrete per Hn ft. oC roadways 6.36 cubic yards. Reinrorcement- 63.5 pounds. 
Pour th/s half of floor First , Pour ths half of floor last 
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Thoroud*ty surface and spread with coal tar heated 
to E50or550*f using at least igallons per sq yd Bd?ile tar is 
I stU/hot cover surface mth t of dean, coarse, sharp sand. 

^ Jar must net be ^pHed when concrete is darrp. 

Concrete per hn. ft of roadway‘s 0.36 cubic yards. 

Reinforcement per Haft of roadway ‘BZBpoonds. 


Concrete T 2. 4 mix. class CZ. 
Reinforcement i round, medium open 
hearth steel. ^ 

Drain- l‘x2 "taperedout yon each side. 


Fig. 8. Reinforced Concrete Floor, Michigan Highway Commission. 

be laid from J in. to J in. apart so that water will not be retained, but will run through and will 
give the planks an opportunity to dry out. Where more than one layer of planks is used a liberal 
coating of coal tar to the upper side of the lower planks and to the lower side of the upper planks 
will materially prolong the life of the floor. The timber in floors made of more than one layer of 
planks should be creosoted. Each plank should be solidly spiked to each joist with spikes having 
a length not less than twice the thickness of the plank, or 6-in. spikes for 3-in. plank and 8-in. 
spikes for 4-in. plank. Where steel joists are used, spiking strips about 3 in. by 8 in. are bolted to 
the tops of all joists, or spiking strips 4 in. by 6 in. are lilted to the sides of three lines of joists 
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under each plank length. When the latter method is used the floor planks are fastened to the 
intermediate joists by bending spikes, driven through the floor plank, around the upper flanges of 
the joist. For specifications for plank floors, see the author’s “General Specifications for Steel 
Highway Bridges.” 

The thickness of plank for different loadings and spans calculated for the allowable stresses 
required by the author’s specifications are given in Table V. 

Laminated Timber Floor. — Highway bridge floors are sometimes made by placing 2 in. by 
4 in., 2 in. by 6 in., or 3 in. by 8 in. timbers on edge and spiking them together. A waterproof 
wearing surface is placed on top of the laminated base. The safe spans for a laminated timber 
floor may be taken the same as for planks 12 inches wide. 

The Oregon Highway Commission uses laminated wood floors made of 3 in. by 8 in. timbers 
placed on edge and spiked together at intervals of not less than 18 in. “ The timbers shall [)rcfcr- 
ably be long enough to extend the full width of the roadway, and in no case shall more than two 
len^hs be used in the width of roadway. Every fifth timber shall project J in. above the inter- 
vening four pieces, to furnish a grip for the waterproof wearing surface.” 

A laminated floor made of 2 in. by 4 in. pine timbers placed on edge and spiked together was 
used for reflooring 23d Street Bridge, Denver, Colorado. The laminated timber base is covered 
with an asphalt paving i J inches thick. 

TABLE V. 

Thickness of i2-inch Floor Plank. 


For 8-inch plank add 23 per cent to the thickness of plank. 
Thickness in Inches, Actual Size, No Impiict. 


Spacing of Joists, 
In. 

lo-Ton Auto Truck. 

12-Ton Auto Truck. 

15-Ton Auto Truck. 

2o-Ton Auto Truck. 

12 

'J 

2 

2 

2 

15 

2 l 

2l 

2 i 

2j 

18 


2i 

3 

3i 

21 

3 

3i 

3l 

3i 

24 

3i 

3l 

3i 

4 

27 

• 3i 

3i 

4 

4l 

30 

3 i 

4, 

4f 

4? 

33 1 

4 

4i 

4i 

5 l 

36 1 

4 i 

4I 

4 i 

5 i 

Allowable Stresses. — Bending stress, 1,500 lb. per sq. in.; bearing across fiber, 400 lb. per sq. in. 
Minimum thickness of plank allowed by Ketchum’s specifications is 3 in.; maximum spacing 
of joists is 30 in. 


Creosoted Timber Floor. — Creosoted timber may be used as a sub-floor for a creosoted timber 
block wearing surface, for a bituminous wearing surface, or may carry a gravel or earth fill, or may 
have no wearing surface. 

Specifications for Creosoted Timber. — ^Timber used for all creosoted floor timbers except 
blocks shall be first-class oak, long-leaf yellow pine or Oregon fir. It shall be cut from live trees and 
shall be straight grained, free from shakes, lar^e or loose knots, decayed wood, worm holes or other 
defects that will impair its stren^h or durability. It shall be sawed straight and true and shall 
be full size. All timber shall be impregnated with at least 12 lb. of creosote oil per cubic foot of 
timber. The creosote oil shall be a pure coal-tar product free from any adulteration. It shall be 
free from any tar or any petroleum oil or petroleum residue. The specific gravity at 100° F. shall 
be at least 1.03, but not more than 1.07. The creosote oil shall comply with the specifications of 
the American Railway Engineering Association for creosote oil. The timber shall be impregnated 
with creosote oil by the full cell process. The details of the treatment shall comply with the 
specifications of the American Railway Engineering Association for the treatment of ties with 
creosote oil. 
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The timbers for the sub-floor shall be surfaced on one side and one edge, and shall not vary 
more than ^ in. from the specified thickness. The timbers shall be laid with the surfaced side 
down with tight joints, and shall be fastened to the outside spiking strips with two 6-in. lag screws 
at each end of each plank, and to the intermediate stringers with two spikes in each stringer, the 
length of the spikes to be at least twice the thickness of the floor planks. The fellow guard shall 
be bolted to the stringers with f-in. bolts spaced not more than 5 ft. centers. 

WEARING SURFACES FOR HIGHWAY BRIDGE FLOORS.— The wearing surface of ^ 
highway bridge floor should satisfy the usual conditions for a pavement and in addition should 
not have an excessive weight; as an increase in dead load on the bridge increases the necessary 
amount of steel in the floor supports and the trusses and increases the total cost. The most 
common wearing surfaces will be briefly described. 

Concrete. — A concrete wearing surface is laid on top of the concrete slab by the Illinois High- 
way Commission as follows: — The wearing surface shall have a thickness of not less than 4 
inches. The lower 2 in. of the wearing surface shall be made of concrete mixed in the proportions 
of one part Portland cement, 2 parts clean sand and 4 parts clean gravel or broken stone that will 
pass a I J-in. ring. The concrete shall be thoroughly mixed in a batch mixer to a jelly-like consis- 
tency and shall be placed immediately on the sub-floor slab. Upon this concrete layer shall be 
immediately laid a 2-in. layer of mortar made by mixing one part Portland cement and 2 parts of 
clean, coarse sand. The mortar shall be mixed to a jelly-like consistency in a batch mixer and 
shall be immediately placed upon the freshly laid concrete. Before the mortar has begun to set 
it shall be finished off with a wood float, and before it has hardened it shall be roughened by brush- 
ing with a stiff vegetable brush or broom. 

The concrete slab and the concrete wearing surface are commonly laid in one operation, 
the wearing surface being finished up as for a concrete pavement. 

Creosoted Timber Blocks. — The blocks shall be made of prime sound long-leaf yellow pine 
or Oregon fir and shall contain no loose knots, worm holes or other defects, and shall be well manu- 
factured. No wood averaging less than 6 rings to the inch, measured radially from the center of 
the heart shall be used. The blocks shall have a depth as specified, but the depth shall not be less 
than 3 in. The blocks shall be from 6 to 10. in. long. The width shall be from 3 to 4 in., but the 
blocks in any contract shall have the same width. A variation of ^ in. in depth and i inch in 
width will be permitted. The width shall be greater or less then the depth by not less than { in. 
The blocks shall be impregnated with creosote oil by the full cell process. The creosote oil and the 
method of creosoting timber blocks shall be the same as specified for creosoted timber. All creo- 
soted timber blocks shall contain not less than 16 lb. of creosote oil per cubic foot of timber. 

Laying Creosoted Timber Blocks , — When the creosoted timber blocks are laid on a creosoted 
timber base, a layer of tar paper shall be laid on the timber base. When creosoted timber blocks 
are laid on a concrete floor slab, a layer of dry cement mortar made by mixing dry one part of 
Portland cement and four part s of clean dry sand shall be spread on the dry floor slab. The cement 
cushion shall be rolled to a thickness of } in. As the blocks are laid on the concrete slab the sand 
and cement shall l>e moistened by sprinkling and the blocks shall be laid before the cement has 
had time to set. The blcx:ks shall be laid at right angles to the length of the bridge in parallel 
lines, with the grain vertical. The blocks shall break joints at least 3 in. Two lines of blocks 
shall be laid next to the curb with the long dimension of the block parallel to the bridge, and the 
remainder of the blocks shall be laid at right angles to those blocks. The blocks shall be laid with 
open joints, i-in. open joints tninsversely, i-in. open joints longitudinally. Expansion joints not 
less than i in. thick the full depth of the block shall be provided along each curb, and transverse 
joints not less than i in. thick shall be provided every 50 ft. in length of the bridge. These joints 
shall be kept closed until the blocks arc all laid, and the space is then to be filled with a bituminous 
filler. After the blocks have been laid they shall be tamped or rolled to firm bearing. All defect- 
ive, broken, damaged or displaced bhxrks shall be removed and replaced with sound blocks. All 
joints and expansion joints shall then be filled to a depth of two-thirds the depth of the block with 
a satisfactory bituminous filler. The filler shall not oe brittle at 0° F. nor flow at 120° F. The 
filler shall be applied at a temperature of not less than 300° F. After the first application has 
set the joints shall be filled to the proper height with a second coat. Joints shall be filled only in 
dry weather, when the temperature is not less than 50° F. Before the second coat has hardened 
a layer of sand } in. thick shall be spread on the surface and shall be swept into the joints. 

Bituminous Wearing Surface Floors. — Bituminous wearing surface floors may be laid on a 
creosoted timber sub-floor or on a concrete sub-floor. 
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Bituminous Wearing Surface on Timber Sub-Floor. — ^The bituminous wearing surface may 
be put on hot by the standard method, or by a cold process. The specifications adopted in 1917 
by the Illinois Highway Commission are as follows: 

Bituminous Wearing Surface — Hot Penetration Method. Illinois Highway Commission. 

Asphalt. — The asphalt used for bituminous wearing surface shall conform to the following 
requirements: Asphalt shall have a specific gravity at 25® C. of not less than 0.97 nor more than 
unity. It shall be soluble in cold carbon disulphide to the extent of at least 98 per cent. Of the 
total bitumen, not less than 22 per cent nor more than 30 per cent shall be insoluble in 86® B. 
naphtha. When 20 grams (in a tin dish 2J in. in diameter and } in. deep with vertical sides) are 
maintained at a temperature of 163® C. for 5 hours in a N. Y. testing laboratory oven, the evapora- 
tion loss shall not exceed 2 per cent and the penetration shall not have been decreased more than 
25 per cent. The fixed carbon shall not exceed 16 per cent by weight. The penetration as de- 
termined with the Dow machine using a No. 2 needle, 100 g. weight, 5 seconds time, and a tem- 
perature of 25° C. shall be not less than 30 nor more than 50. The asphalt shall contain not to 
exceed 6 per cent by weight of paraffine scale. 

Aggregate. — The aggregate shall consist of screened gravel, which shall have been approved 
by the engineer, dry, free from dust, dirt and clay, and graded in size from i in. to J in. 

Cleaning Sub- Planking. — Before placing the wearing surface, the sub-planking shall be thor- 
oughly cleaned from all foreign material and the cracks shall be filled and the plank covered to a 
depth of approximately J in. with asphalt of the character herein specified, which shall be applied at 
a temperature of not less than 400° F. The sub-planking shall be dry when the asphalt is applied. 

Placing Wearing Surface. — The gravel shall be spread on the asphalt covering while the same 
is hot and in a quantity which will just cover the asphalt. The thickness must not exceed that 
which will be formed by a single layer of the gravel pebbles. 

Upon the material thus spread, there shall be poured hot asphalt until the interstices are all 
filled, the asphalt being at a temperature of not less than 400® F. 

Upon the layer of asphalt thus poured there shall be spread a second layer of gravel which shall 
not exceed the thickness of a single layer of pebbles, but which must be spread in sufficient quantity 
to cover completely the layer of asphalt. 

Upon the layer of gravel thus spread there shall be poured hot asphalt until all the interstices 
are filled, the asphalt having a temperature of not less than 400® F. 

Finish, — The surface shall then be covered w’ith a layer of pebbles just sufficient to cover the 
asphalt, the pebbles to be well rolled or tamped into the asphalt and the surface finally covered 
with coarse sand sufficient to take up any free asphalt. After the surface has stood for one day, 
it may be opened to traffic. 

Bituminous Wearing Surface — Cold Mixing Method, using an Asphalt Emulsion. Illinois 
Highway Commission. • 

Asphalt Emulsion. — The emulsion shall consist of asphalt, water and fatty or resin soap thor- 
oughly emulsified. It shall conform to the following requirements: 

Total bitumen Not less than 60.0 per cent 

Specific gravity of dehydrated material Not less than i.ooo 

Penetration of dehydrated material, 25® C., 100 gm., 5 sec 150 to 200 

Total Bitumen. — The total bitumen shall be considered as being 100 minus the sum of the 
percentages of water, of fatty or resin acids, of organic matter insoluble in carbon disulphide other 
than fatty or resin acids from the soap, or mineral matter (ash), and of ammonia. 

For percentages of water, fatty or resin acids, organic matter insoluble in carbon disulphide, 
mineral matter (ash), and ammonia, see United States Department of Agriculture Bulletin 314, 
p. 41. 

Specific Gravity. — Standardized pycnometers. United States Department of Agriculture 
Bulletin 314, p. 4. 

Penetration. — A. S. T. M. Stand. Test D 5--16. 

Aggregate. — The aggregate shall consist of crushed stone chips uniformly graded from J in. 
down to dust with all dust removed, to which shall be added sufficient sand to fill ail remaining 
voids, but not to exceed 20 per cent of the volume of the aggregate. 

Cleaning Sub- Planking. — Before placing the wearing surface, the sub-planking shall be 
thoroughly cleaned from all foreign material and all cracks shall be filled with wood strips or oakum. 

Mixing Materials. — ^The aggregate and the asphalt emulsion shall be mixed cold in the pro- 
portions of I gal. of emulsion to i cu. ft. of a^egate. To facilitate mixing, water to the extent of 
20 per cent may be added to the emulsion. The proportions riven above for mixing the aggregate 
and the emulsion are based on the undiluted emulsion. The mixing shall be done on a tight 
mixing board or in a batch concrete mixer, and shall continue until all particles of the aggregate 
are thoroughly coated. 
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Placing Wearing Surface . — After mixingj the material shall be spread upon the roadway in 
sufficient Quantity to provide a thickness of 1 m., after rolling or tamping. 

Finish . — After the material has been rolled or tamped smooth and to a uniform thickness of 
1 in., the surface shall be given a paint coat of the emulsion applied at the rate of i gal. per sq. yd., 
and then shall be covered with coarse sand sufficient to take up any free asphalt and to hll all voids 
in the surface. After the surface has stood for one day, it may be openecf to traffic. 

Bituminous Pavement on Concrete. — A bituminous wearing surface may be laid as on the 
creosoted plank sub-floor, or the wearing surface may be laid according to the following standard 
method. The concrete shall be dry and thoroughly clean. A bituminous wearing surface two 
inches thick is applied as follows: The aggregate consists of broken stone or gravel passing a 
one-inch screen with the dust screened out to which is added sand eoual to about one-quarter to 
one-half the volume of the stone. The aggregates shall be heated and mixed with the bituminous 
material in a mechanical mixer or by hand with hot shovels. The asphalt shall be mixed not less 
than 20 gallons to the cubic yard of aggregate at a temperature of 350® to 400® F. The mixture 
shall be applied hot to the concrete surface and shall be raked with hot hoes or rakes and is rolled 
with a roller weighing not less than 5 tons. After the surface has been rolled a layer of hot asphalt 
shall be applied and a layer of coarse sand rolled into hot asphalt. 

Examples of Highway Bridge Floors. — ^The following examples of highway bridge floors 
specified by different highway commissions are of interest. 

The Illinois Highway Commission uses the following standard floors: (i) A reinforced con- 
crete sub-floor 4 in. thick, and a concrete wearing surface 4 in. thick, weight loo lb. per sq. ft.; 
(2) a reinforced concrete sub-floor 4 in. thick and a creosoted timber block wearing surface 3 in. 
thick, weight 65 lb. per sq. ft.; (3) a creosoted plank sub-floor 3 in. thick and a wearing surface of 
creosoted timber blocks 3 in. thick, weight 32 lb. per sq. ft.; and (4) a creosoted timber ship lap 
floor 3 in. thick and a wearing surface of creosoted timber blocks 3 in. thick, weight 26 lb. per sq. ft. 

The Michigan Highway Commission uses the following surface treatment on concrete floor 
slabs. The surface of the concrete is thoroughly cleaned and i of a gallon per sq. yd. of coal tar 
heated to a temperature of 250® to 350® F. is spread over the slab. While the tar is hot the surface 
is evenly covered with a layer i in. thick of clean, sharp, coarse sand. 

The Wisconsin Highway Commission does not specify a wearing coat on top of concrete floor 
slabs. 

The Iowa Highway Commission uses either a 3 in. fill of gravel or a creosoted block floor 3 in. 
thick. Concrete slabs are covered with a bituminous coating made by applying i of a gallon per 
sq. yd. of hot tar to the clean dry slab. A layer of coarse dry sand is heated and sifted on top of 
the tar. 

Cost of Floors. — The costs of highway bridge floors were estimated by Mr. Clifford Older, 
bridge engineer, Illinois Highway Commission in 1915 as follows: Concrete in sub-floors including 
reinforcing steel, $12.00 per cu. yd.; concrete wearing surface, 4 in. thick, $0.90 per sq. yd.; 
creosoted sub-plank (12-lb. treatment) in place, $70 per thousand feet B. M.; creosoted blocks 3 
in. thick, in place, $1.80 per sq. yd.; bituminous gravel wearing surface, J in. thick, $0.60 per sq. 
yd. The weights and costs of the Illinois Highway Commission standard floors were as follows: 
concrete sub-floor 4 in. thick and concrete wearing surface 4 in. thick, weighs 100 lb. per sq. ft., 
and costs $2.95 per sq. yd.; concrete sub-floor 4 in. thick, and creosoted blocks 3 in. thick, weighs 
65 lb. per sq. ft., and costs $3.25 per sq. yd.; creosoted plank sub-floor 3 in. thick, and creosoted 
blocks 3 in. thick, weighs 32 lb. per sq. ft., and costs $4.10 per sq. yd.; creosoted plank sub-floor 
3 in. thick, and bituminous wearing surface f in. thick, weighs 26 lb. per sq. ft., and costs $3.00 
per sq. yd. 

DESIGN OF STRINGERS. — Stringers or joists support the floor and in turn are supported 
by the floorbeams. The joists may be supported on the tops of the floorbeams or may be framed 
into the floorbeam by the use of connection angles. Where concrete floors are used the steel joists 
should either be supported on the tops of the floorbeams or if framed into the floorbeams should 
have the upper flanges of the beams coped so that the tops of the joists will be on the same level 
as the floorbeams. The loads carried by the joists are (i) the dead load which is made up of the 
weight of the joists, the floor slab and the wearing surface; (2) a uniform live load, or a concen- 
trated moving load. The uniform live load and the concentrated moving loads are the same as the 
loads used in designing the floor slabs, but the distribution of the concentrated load is not the same. 
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The distribution of the moving concentrated load to the joists as specified by different highway 
commissions and others, and by the author have already been given. 

Steel Stringers* — The sizes of steel I-beams of minimum weights required for stringers with 
different spacings to carry a dead load of loo lb. per sq. ft. and a 20-ton auto truck with 30 per cent 
impact or a live load of 125 lb. per sq. ft. with 30 per cent impact are given in Fig. 9; and to carry 
a dead load of 100 lb. per sq. ft. and a 15-ton auto truck with 30 per cent impact or a live load of 
100 lb. per sq. ft. with 30 per cent impact are given in Fig. 10. The sizes of steel I-beams of mini- 
mum weights required to carry a dead load of 100 lb. per sq. ft. and a 15-ton auto truck without 
impact or a live load of 100 lb. per sq. ft. without impact are given in Fig. 1 1. The steel stringers 
used by the Wisconsin Highway Commission to carry a 15-ton road roller without impact, and the 
steel stringers used by the Iowa Highway Commission to carry a 15-ton traction engine without 
impact are practically the same as those given in Fig. ii. 

Timber Joists. — The sizes of timber stringers or joists for different spacings and spans to 
carry a 20-ton auto truck are given in Table VI; to carry a 15-ton auto truck in Table VII, and to 
carry a lo-ton auto truck in Table VI 1 1 . The timber joists were designed for the following unit 
stresses, to be used without impact: Allowable bending stress, 1,500 lb. per sq. in.; allowable 
bearing across the grain, 400 lb. per sq. in.; allowable longitudinal shear in beams, 140 lb. per sq. in. 
The maximum spacings of timber joists for short spans are determined by the longitudinal shear. 

TABLE VI. 

Spacing of Timber Stringers or Joists. 


Calculated for 20-ton Auto Truck, Without Impact. 


Nominal Size of 


Maximum Spacing in Feet for Different Spans in Feet, 


Joiau, In, 


8 

.0 


M 

16 

18 

ao 

3 X 10 

07 

07 

0.6 






4 X 10 

0.9 

0.9 

0.8 






3 X 12 

0.8 

0.8 

0.8 

07 





4 X 12 

l.i 

i.i 

I.I 

I.O 





1 X 14 

I.O 

I.O 

I.O 

1,0 

0.8 




4 X 14 

1*3 

1.3 

1.3 

1-3 

I.I 

I.O 



6 X 14 

2.0 

2.0 

2.0 

2.0 

17 

1-5 

1-3 

1.2 

4 X 16 

1-5 

1-5 

1-5 

15 


1-3 

1.2 

I.O 

6 X 16 

2.2 

2.2 

1 

'».2 

1 

2.2 

2.2 

2.0 

17 

I-S 

The proportion of the concentrated live load carried by one joist shall be taken equal to the 

spacing of the joists in feet divided by four feet. 






Joists were designed for allowable stresses 

as follows: 

Cross-bending, 1,500 lb. per sq. 

in.; bear- 

ing across the 

grain 400 lb. per sq. in.; longitudinal shear 

140 lb. per sq. in. 



Spacing 0 

f joists for spans to left of heavy line are determined by longitudinal shear. 



DESIGN OF FLOORBEAMS. — The floor loads may be carried to the floorbeams by means 
of stringers or joists, or the loads may be carried to the floorbeams directly by the floor slabs. 
The loads carried by the floorbeams consist of (i) the dead load which is the weight of the floor 
system; (2) a uniform live load; or a concentrated moving load. The uniform live loads are the 
same as the uniform live loads used in designing the floor slabs and stringers, but the distribution 
of the concentrated moving load is not the same as for either the floor slabs or the stringers. The 
distribution of the moving concentrated load to floorbeams as specified by different highway com- 
missions and others, and by the author have already been given. 





TIMBER STRINGERS. 


161 


TABLE VII. 

Spacing of Timber Stringers or Joists. 
Calculated for 15-ton Auto Truck, Without Impact. 


Maximum Spacing in F'eet fur Different Spans in Feet. 


Joists, In. 

6 

8 

10 

12 

H 

16 

18 

20 

3 X 10 

I.O 

I.O 

0.8 






4 X 10 

1-3 

1*3 

1. 1 

0.9 





3 X 12 

1. 1 

1. 1 

i.i 

I.O 





4 X 12 

1.6 

1.6 

1.6 

1.4 

1.2 

I.O 



3 X 14 

1-4 

14 

1*4 

1.4 

1.2 

I.O 



4 X 14 

1.9 

1-9 . 

1.9 

1.9 

1.6 

1.4 

1.2 

I.I 

6 X 14 

2.8 

2.8 

2.8 

2.8 

2.4 

2.0 

1.8 

1.6 

4 X 16 

2.1 

2.1 

2.1 

2.1 

2.1 

1.8 

1.6 

1-5 

6 X 16 

31 

31 

31 

31 

3.1 

27 

2.4 

2.2 

— 


The proportion of the concentrated live load carried by one joist shall be taken equal to the 
spacing of the joists in feet divided by four feet. 

Joists were designed for allowable stresses as follows: Cross-bending, 1,500 lb. per sq. in.; bear- 
ing across the grain, 400 lb. per sq. in.; longitudinal shear, 140 lb. per sq. in. 

Spacing of joists for spans to left of heavy line are determined by longitudinal shear. 


TABLE VIII. 

Spacing of Timber Stringers or Joists. 


Calculated for lo-ton Auto Truck, Without Impact. 


Nominal Size of 
Joists In. 

Maximum Spacing in Feet for Different Spans in Feet, 

6 

8 


12 

M 

z 6 

x 8 

, 

20 

3 X 10 

1-4 

1.4 

1.2 

I.O 

0.9 




4 X 10 

2.0 

2.0 

17 

1-4 

1.2 

I.O 



3 X 12 

1.8 

1.8 

1.8 

1-5 

1-3 

I.I 

I.O 


4 X 12 

2.4 

2.4 

2.4 

2.0 

1.8 

1-5 

1.4 

1.2 

3 X 14 

2.0 

2.0 

2.0 

2.0 

1.8 

1.5 

1.4 

1.2 

4 X 14 

2.8 

2.8 

2.8 

2.8 

2.4 

2.1 

1.9 

17 

6 X 14 

41 

41 

4.1 

41 

3-5 

31 

2.8 

2.5 

4 X 16 

3-2 

3-2 

3-2 

3.2 

3-2 1 

2.8 

2.5 

2.2 

6 X 16 

1 47 

47 

47 

1 ■ 4-7 

47 

1 

41 

3.6 

3-3 


The proportion of the concentrated live load carried by one joist shall be taken equal to the 
spacing of the joists in feet divided by four feet. 

Joists w'ere designed for allowable stresses as follows: Cross-bending, 1,500 lb. per sq. in.; bear- 
ing across the grain, 400 lb. per sq. in.; longitudinal shear, 140 lb. per sq. in. 

Spacing of joists for spans to left of heavy line are determined by longitudinal shear. 


Steel I-Beam Floorbeams. — The sizes of steel I-beams required for Hoorbeams for panel 
lengths of 10 ft. to 24 ft. and widths center to center of trusses or girders of 15 ft. to 26 ft. to carry 
a dead load of 100 lb. p)er sq. ft., and a 20-ton auto truck with 30 per cent impact, or a uniform live 
load of 125 lb. per sq. ft. with 30 per cent impact are given in Fig. 9; while the floorbeams required 
to carry a 15-ton auto truck with 30 per cent impact, or a uniform live load of 100 lb. per sq. ft. 
with 30 per cent impact are given in Fig. 10. It will be noted that the uniform live load controls 
for wide roadways or for long panels. 
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For a bridge 17 ft. center of trusses and 18 ft. panels, from Fig. 9 the required floorbeam 
is a 24 'n. I @ 80 lb., while from Fig. 10 the required floorbeam is a 20 in. I @ 65 lb. 

The sizes of steel I-beams required for floorbeams for panel lengths of 10 ft. to 24 ft., and 
widths center to center of trusses or girders of 15 ft. to 26 ft. to carry a dead load of 100 lb. per sq. 
ft and a 15-ton auto truck without impact, or a uniform live load of 100 lb. per sq. ft. without im- 
pact are given in Fig. ii. These are practically the floorbeams required by the specifications of 
the Illinois, Iowa, and Wisconsin Highway Commissions. Steel stringers for the same loading 
are given in Fig. 11. 

The bending moments for the design of built-up floorbeams may be obtained from Fig. 9, 
Fig. 10, or Fig. ii. 
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Fig. II. Bending Moments in Floorbeams and Stringers for 15-TON Auto Truck. 
(No Impact.) Concrete Floor. 


CALCULATION OF STRESSES. — For the calculation of the stresses in highway bridges, 
see the author's “The Design of Highway Bridges," also see Chapter XVI. 

ALLOWABLE STRESSES. — For allowable stresses to be used in the design of steel highway 
bridges, see “General Specifications for Steel Highway Bridges," printed in the last part of this 
chapter. 

SHORT-SPAN STEEL HIGHWAY BRIDGES. — The term short-span highway bridges 
will be assumed to include beam, low truss and plat» girder bridges. 
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BEAM BRIDGES. — Beam bridges are made by placing steel I-beams side by side with the 
ends resting on the abutments. The roadway floor may be made of planks laid transversely on 
the tops of the beams, or of reinforced concrete. The spacing of the beams depends upon the load 
to be carried and upon the thickness of the floor planks or floor slabs and varies from 2 to 4 ft. 
Timber joists should not be spaced more than 2J ft. centers. A common rule for the thickness 
of oak floor planks is that the plank shall have at least one and one-half inch in thickness for each 
foot of spacing of the joists or stringers. The outside beams should be the same size as the inter- 
mediate beams. It is commonly specified that rolled beams shall have a depth not less than the 
span. 
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Fig. 12. Beam Bridges. 


Standard steel beam bridges with concrete floor as designed by the Iowa Highway Commission 
are given ir Fig. 12 and Fig. 13. The spans vary from 16 ft. to 32 ft. The details are shown in the 
cuts. Quantities for beam bridges with angle fence as shown in Fig. 12 are given in Table IX. 

A standard steel beam bridge as designed by the Wisconsin Highway Commission is shown in 
Fig. 14. Data and quantities lor beam spans from 10 ft. to 38 ft. are shown in Table X. 





BEAM BRIDGES, 


166 


6 ''Caf 3 cn?te M i“ 6 fJ!pir 0^ Jff/sts 




/ Tcp-ii b^rs - // V- to t- 
l Bot o drS‘ ~tF"o with top 

br bet' ee- pr> Jo/sts * 


^ Roxf^y 

Wire Mesh^^ ff. \tor paper 


f^einfercenTent in Hendreil 
^', /# bers ip "c- be C' 

Her. 5'^: b'rS' net tBrn Half ImT' Secim 

ex jbr 


Half Sectloh at abutmeht 





B\ 

Xi^r.VSfio/?.'. 

I Note : Outsfde Is ta be 
'^re/sed ib''ebcee br/dpe 
5eet, wrapped w/tb rryesh 

and er?cased in concrete. \ ^ ^ ^ ^ 

1 Bata for Standard Bean Spans -Ccncpete Floor 

— < -• r — n rr . — i !/>.:. _i xi- >'zn 






Dimension\9 hrm\ 

/* 


I 


W 

IS’ 

?t* 







Quint ir-0^ 





W/r.mo 
nso 
m 
m 

1580 
1690 
I8t0 

m 


Quint- Ear E Ft 
chin^ oE Re*^ 


vomi 


i 90 ^ 

5/0 

560 

770 

SdO 

890 

m 




yS 60 I. 5 S 
/ 450 V 6 E 


.SS\\ 

.94 

106 

1.18 

125 

/JJ 

747 


NoU:’- Add or subtnct om I for ach E fi. 
chinM of roodnny, . 

For hindrjtl owrr trinys j^d L 9 yds. con- 
onto ind /80 /b- nm forcing ptr bridft. 




Standard Beam Spans 
ConcnsU Floor S Hindrdil 
hwA Hkhway Commission 


Fig. 13. Beam Bridges. 


The minimum sizes of I-beams for different loadings and for different spacings and spans and 
with a concrete and a plank floor have been calculated by the author and are given in Table XI 
and Table XII. 

Floor planks may be spiked to spiking strips on the tops of the beams, or to spiking strip)s 
bolted on the sides of the I-beams. The floor planks art spiked to these spiking strips, and are 
fastened to the other beams by clinching spikes, which have been driven through the planks, 
around the top flanges of the beams. 
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The maximum span for beam bridges should be 30 ft. Riveted truss bridges or plate girders 
should be used for spans of 30 ft. and upwards for country bridges, and plkte girders for heavy city 
bridges. Riveted bridges for spans of, say 40 ft., are more economical than plate girder bridges 
and will give fully as great a length of service if properly designed and constructed. The ends of 
beam bridges should always be supported on masonry abutments. 

TABLE IX. 


Estimated Quantities for Standard Beam Spans. Iowa Highway Commission. 



Structural Steel. 

Reinforced Concrete Floor. 

Roadway. 

x6 Ft. Roadway. 

x8 Ft. Roadway. 

ao Ft. Roadway. 


x6 Ft. 

18 Ft. 

ao Ft. 

Concrete. 

Steel. 

Concrete. 

Steel. 

Concrete. 

Steel. 


lb. 

lb. 

lb. 

cu. yd. 

lb. 

CU. yd. 

lb. 

CU. yd. 

lb. 

16 

3,370 

3.780 

3.800 

5.6 

600 

6.3 

680 

7-0 

740 

18 

4,180 

4,810 

4.820 

6.2 

670 

7-0 

750 

77 

820 

20 

4,720 

5,300 

5,320 

6.8 

730 

7.6 

830 

8.S 

900 

22 

6,340 

7,130 

7,150 

7-4 

800 

8.3 

900 

9.2 

990 

24 

6,840 

7.690 

7,710 

8.0 

870 

9.0 

980 

lO.O 

1,070 

26 

7,330 

8,240 

8,260 

8.6 

930 

9-7 

1,050 

10.7 

1,150 

28 

10,570 

11,870 

11,880 

9.2 

1,000 

10.4 

1,120 

II.5 

1,230 

30 

11,240 

12,620 

12,640 

9.8 

1,060 

II.O 

1,200 

12.2 

1,310 

32 

11,910 

13,370 

13,390 

10.4 

1,130 

11.7 

1,270 

13.0 

1,390 


Standard angle railing for wing walls as shown in Fig. 12. 

Rails 2J" X 2i" X i" X Top of rail y-i” above grade. Post Zs 3" X 3" X i'' 

X4-3''- 

Weight of rails and posts for one wing = 90 lb. 


TABLE X. 

Steei. I-Be.\m Bridges Wisconsin Highway Commission. 





Channels on outside 

. Weight 

includes railing. 



■1 

i6 Feet Roadway. 

, 18 Ft. Roadwaj 

r. 

20 

Ft. Roadwa, 

f 


No. Beams 

Sire 

Weight 

No. Beams 

Size 

Weight 

No. Beams 

Size 

Weight 

HI 

and 

I-Beams. 

Structural 

and 

I-Beams, 

Structural 

and 

I-Beams, 

Structural 

Hi 

Channels. 

In. Lb. 

Steel, Lb. 

Channels. 

In. Lb. 

Steel, Lb. 

Channels. 

In. Lb. 

Steel. Lb. 

10 

8 

8—18 

1,900 

9 

8—18 

2,120 

10 

8—18 

2,335 

12 

8 

8—18 

2,200 

9 

8—18 

2,450 

10 

8—18 

2,700 

H 

8 

9 -- 2 I 

2,800 

9 

9—21 

3, *30 

10 

9 — 21 

3,465 

16 

8 

9—21 

3.«85 

9 

9 — 21 

3,560 

10 

9 — 21 

3,930 

18 

8 

10 — 25 

4,030 

9 

10 — 25 

4,505 

10 

*0—25 

5,000 

20 

7 

12— 3ii 

4,810 

8 

12— 3ii 

5,600 

9 

12— 31J 

6,285 

22 

8 

12— 3l| 

6,050 

9 

,2— 31J 

6,790 

10 

>2—31} 

7,545 

24 

8 

12 31J 

6,435 

9 

12— 31J 

7,350 

10 

12— 31J 

8,1^ 

26 

7 

15—42 

8,27s 

8 

15—42 

9,420 

9 

15—42 

*0,570 

28 

8 

,5—42 

10,045 

9 

15—42 

**,275 

10 

>5—42 

12,510 

30 

8 

IS— 42 

*0,715 

9 

15—42 

12,025 

10 

>5—42 

*3,350 

3 * 

7 

18— ss 

12,050 

8 

18— ss 

13,930 

9 

>8—55 

* 5,750 

34 

7 

18— S 5 

12,825 

8 

> 8—55 

15,760 

9 

>8—55 

16,685 

36 

8 

18—55 

15,530 
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18— ss 
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10 

> 8—55 

>9,615 

38 
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,8— SS 

16,350 

9 

> 8—55 
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10 
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Rdwy. 
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48 



Cu. yd. concrete per linei 
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TABLE XL 

Depth in Inches of I-Beams for Different Spacings and Spans Required to Carry 2o-ton, 
I 5-Ton and io-Ton Auto Trucks and 30 per cent Impact. Dead load ioo lb. 

PER sQ. FT. Minimum Weights of I-Beams are Used. 


Concrete Floor. 


Span, Ft. 

ao-Ton Auto Truck. 

15 -Ton Auto Truck. 

lo-Ton Auto Truck. 

Spacing, Ft. 

Spacing, Ft. 

Spacing, Ft. 

2 

3 

4 

2 

3 

4 

2 

3 

4 

10 

8 

10 

12 

7 

9 

10 

6 

8 

9 

12 

9 

10 

12 

8 

9 

10 

7 

8 

9 

14 

10 

12 

IS 

9 

10 

12 

8 

9 

10 

16 

10 

12 

IS 

9 

12 

12 

8 

10 

12 

18 

12 

IS 

IS 

10 

12 

IS 

9 

10 

12 

20 

12 

IS 

18 

10 

IS 

IS 

9 

12 

12 

22 

12 

IS 

18 

12 

IS 

IS 

10 

12 

15 

24 

IS 

IS 

18 

12 

IS 

18 

10 

12 

IS 

26 

IS 

18 

18 

IS 

IS 

18 

12 

IS 

15 

28 

IS 

18 

20 

IS 

18 

18 

12 

IS 

18 

30 

IS 

18 

20 

15 

18 

20 

12 

IS 

18 


The proportion of the concentrated live load carried by one joist shall be taken equal to the 
spacing of the joists divided by six feet when reinforced concrete floor is used. 

The outside beams to be the same as the intermediate beams. 


TABLE XII. 

Depth in Inches of I-Beams for Different Spacings and Spans Required to Carry 20- 
Ton, 15-T0N and io-Ton Auto Trucks and 30 per cent Impact. Minimum 
Weights of I-Be.ams are Used. 


Plank Floor. 


Span, Ft. 

20 -Ton Auto Truck. 

15 -Ton Auto Truck. 

xo-Ton Auto Truck. 

Spacing. Ft. 

Spacing. Ft. 

Spacing. Ft. 

X* 

2 





xi 

» 


10 

8 

9 

10 

7 

8 

9 

6 

7 

7 

12 

9 

10 

10 

8 

9 

9 

7 

7 

8 

14 

9 

10 

12 

8 

9 

10 

7 

8 

9 

16 

10 

12 

12 

9 

10 

12 

8 

8 

9 

18 

10 

12 

IS 

9 

10 

12 

8 

9 

10 

20 

12 

12 

IS 

10 

12 

12 

9 

9 

10 

22 

12 

IS 

IS 

10 

12 

15 

9 

10 

12 

24 

12 

IS 

IS 

12 

12 

IS 

9 

10 

12 

26 

15 

IS 

18 

12 

IS 

IS 

10 

12 

12 

28 

IS 

IS 

18 

12 

IS 

IS 

12 

12 

IS 

30 

15 

18 

18 

12 

IS 

18 

12 

12 

IS 


The proportion of the concentrated live load carried by one joist shall be taken equal to the 
spacing of the joists divided by four feet when timber floor is used. 

The outside beams to be the same as the intermediate beams. 





168 


STEEL HIGHWAY BRIDGES. 


Chap. III. 




Fig. 14. Beam Bridge. ^ 5 - Plate Girder Bridge. 
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PLATE GIRDERS. — Plate girders are frequently used for highway bridges. Where the 
conditions will permit deck plate girder bridges are to be preferred to through plate girder bridges 
for highway service. The details of plate girders when used for highway bridges are essentially 
the same as when used for railway bridges, which see. 

Details of a steel through plate girder highway bridge as designed by the Wisconsin High- 
way Commission are shown in Fig. 15. Standara plans have been prepared for spans from 35 
ft. to 80 ft., varying by 5-ft. intervals, and for i6-ft., i8-ft. and 20-ft. roadway. Spans of 35 fit. 
to 60 ft. inclusive have webs 60 in, by ^ in.; the 65-ft. and 70-ft. spans have webs 66 in. by ^ 
in.; the 75-ft. spans have a web 66 in. to 72 in. by | in., while the 8o-ft. spans have a web 72 in. 
to 78 in. by i in. For weights of plate girder bridges, see first part of this chapter. 

Details of a 109-ft. span through-plate girder highway bridge built over the D. L. & W. R. R. 
tracks in Jersey City, N. J., are given in Fig. 16. The girders were designed for a live load of 100 
lb. per sq. ft. on roadway and sidewalk; while the roadway floor was designed for a live load of 100 
lb. per sq. ft. and two 12,000 lb. axle loads spaced 10 ft. apart with an allowance of 25 per cent for 
impact. The expansion end is carried on 4-in. rollers. The concrete has a minimum thickness of 
4 in. and is covered with i J in. of binder and 2 in. of asphalt. Each main girder weighed 1 12,000 
lb.; and the total weight of steel in the bridge was about 403,000 lb. 

LOW RIVETED TRUSS BRIDGES. — Low riveted bridges are made with either Warren or 
Pratt trusses, the Warren truss usually being preferred. The upper chords should be made of two 
angles and a plate, two channels laced, or two channels with a top cover plate and lacing on the 
bottom side of the member. The lower chord and the web members are made of two angles placed 
in the same relative positions as in the upper chords. 

Details of a low riveted truss bridge with a reinforced concrete floor carried on steel stringers 
or joists, as designed by the Iowa Highway Commission are shown in Fig. 17. The commission 
has prepared standard plans for spans from 35 ft. to 85 ft. and with i6-ft. and i8-ft. roadway. 
Spans over 65 ft. in len^h have one end supported on rockers. Spans 65 ft. or less in length have 
one end supported on sliding plates. 

Details of a low riveted truss bridge with a reinforced concrete floor carried directly on the 
floorbeams, as designed by the Iowa Highway Commission, are shown in Fig. 18. The commission 
has prepared standard plans for spans from 35 ft. to 100 ft. and with i6-ft. and 18-ft. roadway. 
Spans more than 65 ft. in len^h have one end supported on rockers. Spans 65 ft. or less in length 
have one end supported on sliding plates. The reinforced concrete floor slabs have a thickness of 
7 § in. for an 8-ft, span, of 8 in. for a 9-ft. span, and of 8J in. for a lo-ft. span. The slabs are rein- 
forced top and bottom with i in. square bars spaced 9 in. centers and li in. from face of slab. 
Transverse bars J in. sq. are spaced about 2 ft. centers with one bar over the floorbeam. 

Details of a low riveted truss bridge with a reinforced concrete floor as designed by the Michi- 
gan Highway Commission are given in Fig. 19. The Commission has prepared standard plans 
lor s^ns from 50 ft. to 100 ft. by 5-ft. intervals. 

The riveted low truss highway bridge with an inclined upper chord shown in Fig. 20 is built 
by the American Bridge Company for locations requiring an artistic and serviceable bridge at a 
moderate cost. This bridge has been built with six panels and with spans of qo, 96 and 102 ft. 
The bridge in Fig. 20 has a 20-ft. roadway and was designed for a dead load o! 930 lb. per lineal 
foot of bridge, and a live load of 2,400 lb. per lineal foot of bridge. The total weight of the steel 
in this bridge, exclusive of joists and fence is, approximately, 57,000 lb. The floorbeams are rolled 
I-beams and are riveted below the chords. The top chords are made of two channels with a top 
cover plate, the lower edges of the channels being fastened together with tie plates — lacing is muen 
better practice. The bottom chord is composed of two angles, with tie plates — tie plates are all 
right for this member. The web members are made of 2 or 4 angles laced, as shown. Rods, not 
shown, are used for the lower lateral system. 

Details of a low riveted truss bridge with a reinforced concrete floor as designed by the Wis- 
consin Highway Commission are given in Fig. 21. Standard plans have been prepared for spans 
from 35 ft. to 85 ft., and with i6-ft. and 18-ft. roadway. One end of all spans is carried on sliding 
plates as shown. 
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Fig. 17. Low Truss Span with Stringers. 


Depth and Panel Length of Low Trusses. — The depths and number of panels in Iowa High- 
way Commission low truss bridges with joists are as follows: 35 ft. and 40 ft. span, 3 panels, 6 ft. 
deep; 45 ft. and 50 ft. spans, 3 panels, ft. deep; 60 ft. and 65 ft. span, 4 panels, 7 ft. deep; 70 ft. 
span, 5 panels, 7 ft. deep; 80 ft. and 85 ft. span, 5 panels, 8 ft. deep. For low truss bridges without 
joists, 35 ft. span, 4 panels, 6 ft. deep; 40 ft. span, 5 panels, 6 ft, deep; 45 ft. span, 5 paneis, 6§ ft. 
deep; 50 ft. and 55 ft. span, 6 panels, 6} ft. deep; Ck> ft. span, 7 panels, 7 ft. deep; 65 ft. and 70 ft. 
span, 8 panels, 7 ft. deep; 75 ft. span, 9 panels, 7} ft. deep; 80 ft. span, 10 panels, 8 ft. deep; 85 ft. 
span, 10 panels, 8J ft. deep; 90 ft. span, 10 panels, 9 ft. deep; 95 ft. span, 10 panels. 9J ft. deep; 
100 ft. span, 10 panels, 10 ft. deep. 
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Fig. i8. Low Truss Span without Stringers. 


The depths and number of panels in Wisconsin Highway Commission low truss bridges 
joists areas follows: 35 ft. span, 3 panels, 4§ ft. deep; 40 ft. span, 3 panels, 5 ft. deep; 45 ft. 

3 panels, 5J ft. deep; 50 ft. span, 4 panels, sJ ft. deep; 55 ft. span, 4 panels, 6 ft. deep; 60 ft. 

4 panels, 6J ft. deep; 65 ft. span, 5 panels, 7 ft. deep; 70 ft. span, 5 panels, 7} ft. deep; 75 ft. 

5 panels, 8 ft. deep; 80 ft. span, 5 panels, 8j ft. deep; 85 ft. span, 6 panels, 9 ft. deep. 
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Fig. 19. Low Truss Span with Stringers. 
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Fig. 21. Low Truss Steel Highway Bridge. Fig. 22. High Truss Steel Highway 
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Fig. 23. Detail Plans of Through High Truss Span. Wisconsin Highway 

Commission. 


HIGH TRUSS STEEL HIGHWAY BRIDGES. — Through truss bridges with spans of from 
80 to 170 ft., are built with parallel chords and preferably with riveted joints. For spans of from 
160 to 220 ft. bridges are usually built of the Pratt tyjx? with inclined upixT chord (camel-back) 
trusses. Above 220 ft., bridges are usually built with the Petit type of truss. The above limits 
are approximate only. For long span bridges the inclined chord truss with K-bracing is rapidly 
taking the place of the Petit truss. High truss pin-connected bridges should never be built with 
less than five panels. 


Types of bridge adopted in the American Bridge Company’s standards arc as follows: 

Pratt, pin-connected trusses 80 to 168 ft. span 

Pratt, riveted trusses 80 to 168 ft. span* 

Warren, quadrangular, riveted trusses 80 to 152 ft. span* 

Inclined chord Pratt (camel-back), pin-connected trusses 168 to 220 ft. span* 

Petit trusses, pin-connected 220 ft. span and over* 


Examples of High Truss Highway Bridges. — Details of a high truss steel highway bridge as 
designed by the Wisconsin Highway Commission are shown in Fig. 22 and Fig. 23. Standard plans 
have been prepared for spans of 90 ft. to 150 ft., varying by 5-ft. intervals, and a roadway of 16 ft. 
and 18 ft. All spans have one end carried on rockers as shown. I'hese designs have been worked 
out very economically by Mr. M. W. Torkelson, bridge engineer, and represent the extreme econ- 
omy of design that will conform to good practice. 

Details of a high truss steel highway bridge as designed by the Iowa Highway Commission are 
given in Fig. 24. Standard plans have been prepared for spans of 90 ft. to 150 ft. varying by 
5-ft. intervals, and a roadway of 16 ft. and 18 ft. All spans have one end carried on rockers as 
shown. The designs are well worked out with the exception of the collision strut in the first panel 
which should be omitted. * 
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Fig. 24. Standard High Through Truss Span. 
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Fig. 27. Details of a Pin-Connected Highway Bridge. 
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The details of a riveted truss highway bridge for light country traffic designed by Mr. H. S. 
Crocker, Consulting Engineer, Denver, Colo., are given in Fig. 25 and Fig. 26. The details of a 
mn-connected truss highway bridge designed for country traffic are given in Fig. 27, Fig. 28 and 
Fig. 29. Both of these bridges repre^nt standard practice in the design of steel highway bridges 
for light country traffic. For additional examples of steel highway bridges, see the author’s 
“The Design of Highway Bridges.’’ 

Economic Depth and Panel Length of Trusses. — The economic depth and panel length of 
trusses is not capable of mathematical calculation. The minimum depth is determined by the 
required clear head room, which varies from 123 to 15 ft. Short panel lengths give heavy trusses 
and light floor systems; while long panels give light trusses and heavy floor systems. For ordinary 
conditions it is not economical to use panel lengths less than 15 ft. for short spans nor more than 
25 ft. for long spans. The minimum depth for through spans is about 16 feet where the floor- 
beams are placed below the lower chords. To make a stiff structure, the depth should be suffi- 
cient to permit the placing of the floorbeams above the lower chords and to permit of efficient portal 
and sway bracing. Experience has shown that the most economical conditions occur when the 
angle 0 , the tangent of which is the panel length divided by the depth, is about 40 degrees. The 
top chord points of bridges with inclined chords should be approximately on a parabola passing 
through the pin at the hip. 

Depth and Panel Length of High Trusses. — The depths and number of panels in Iowa High- 
way Commission high truss riveted bridges are as follows: Pratt, riveted trusses, 90-ft. span, 5 
panels, 20 ft. deep; loo-ft. and iio-ft. spans, 6 panels, 20 ft. deep; 120-ft. span, 7 panels, 20 ft. 
deep; 140-ft. span, 8 panels, 21 ft. deep. The depths and number of panels in Wisconsin Highway 
Commission high truss riveted bridges are as follows: 90-ft. and 96-ft. span, 6 panels, 18 ft. deep; 
100-ft. span, 6 panels, 20 ft. deep; 105-ft. span, 7 panels, 20 ft. deep; 120-ft. span, 8 panels, 20 ft. 
deep; 128-ft. span, 8 panels, 21 ft. deep; 140-ft. span, 8 panels, 20 ft. deep at hip and 27 ft. deep at 
center; 150-ft. span, 8 panels, 20 ft. deep at hip and 28 ft. deep at center. 

The depths and number of panels in American Bridge Company’s high truss bridges are as 
follows: Riveted and pin-connected trusses with parallel chords, 80-ft. to 90-ft. span, 5 panels, 
depth equal to panel length; 90- to 120-ft. span, 6 panels, depth equal to panel length; 120-ft. span 
to 140-ft. span, 7 panels, depth equal to panel length, 120-ft. to i68-ft. span, 8 panels, ratio of 
depth to panel length i.i. For bridges with inclined chords with spans of 162 ft. to 180 ft., 9 
panels, and ratios of depth to panel length of i.o, 1.16, 1.25 and 1.29; 190-ft. to 220-ft. span, 9 
panels, and ratios of depth to panel length of i.o, 1.24, 1.28 and 1.43. For Petit trusses, 240-ft. 
to 276-ft. span, 12 panels, and ratios of depths to panel length of 1.0, 1.4, 1.6 and 1.7; 294-ft. to 
322-ft. span, 14 panels, and ratios of depth to panel length of 1.0, 1.36, 1.60, 1.8 and 2.0. 

SHOES AND PEDESTALS. — The bridge rests on shoes or pedestals, the loads being trans- 
ferred to the shoes in pin-connected bridges by means of pins, and through the riveted joints in 
riveted bridges. The shoes at the expansion ends of the bridge are placed on smooth sliding plates 
for bridges of less than, say, 65-ft. span, and on nests of rollers or rockers for spans of greater 
length. The action of the rollers under the expansion ends of riveted bridges will be much more 
satisfactory if the shoes are pin-connected to the truss the same as for pin-connected trusses. 
Rollers should be made with as large diameters as practicable in order to reduce the pressure on 
the base plate and also to reduce the resistance to movement. Experience shows that even for 
light bridges rollers smaller than 3 in. diameter arc practically worthless. To economize space, 
segmental rollers, as shown in Fig. 35, Chapter IV, are often used for heavy spans. 

It is usual to specify that a movement produced by a variation of 150 degrees Fahr. be pro- 
vided for. The coefficient of expansion of steel is approximately 0.0000067 per degree Fahr., 
which makes it necessary to provide for approximately one inch of movement for each 80 ft. of 
bridge span. 

Where both bridge seats are of Ihe same height, the fixed end is carried on cast iron pedestal 
blocks. The blocks are usually made with recesses (honeycombed) to reduce the w^eight. 

The Illinois, Iowa and Wi‘'jConsin Highway Commissions use rockers in the place of rollers 
for highway bridges. DetaiF- of rockers are shown in Fig. 17, F'ig. 18, Fig. 23, and Fig. 24. The 
specifications of the Illinois Highway Commission contain the provision that rockers shall be made 
of cast iron as specified. They shall have a thickness of not less than 2^ in. for spans of 45 ft. or 
less, and a thickness of 3 in. for spans exceeding 45 ft. in length, but in no case shall the unit com- 
pressive stress exceed 9 000-40 Ijr lb. per sq. in. All rockers shall have bearing surfaces turned to 
a uniform radius and smooth surface and shall be provided with two 2-in. holes through the web to 
facilitate handling. 




FENCE AND HUB GUARDS. — The fence on steel bridges is commonly made of two lines 
of channels or two lines of angles with angle posts. Posts should not be spaced farther apart than 
8 ft. to 10 ft. 

A gas pipe railing with gas pipe posts is in frequent use. The posts should be spaced not more 
than 8 ft. apart. Details of the fence and light poles for the 20th St. Viaduct, and the fence on 
23d St. Viaduct, Denver, Colo., designed by Mr. H. S. Crocker, consulting engineer, are shown in 
Fig. 30. 
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1920. 

PART I. DESIGN. 

General Description. 

1. Classes. — Bridges under these specifications are divided into eight classes, as follows: 

Class A. — For city traffic. 

Class B. — For suburban or interurban traffic with heavy electric cars. 

Class C. — For country roads with ordinary traffic and light electric cars. 

Class Di. — For country roads with heavy traffic. 

Class D2. — For country roads with light traffic. 

Class El. — For heavy electric street railways only. 

Class E2. — For medium electric street railways only. 

Class E3. — For light electric street railways only. 

2. Material. — All parts of the structure shall be of rolled steel, except the flooring, floor 
joists and wheel guards, when wooden floors are used. Cast iron or cast steel may be used in the 
machinery of movable bridges, for wheel guards, and for bed plates and rockers. 

3. Types of Truss. — The following types of bridges are recommended : 

Spans up to 30 ft. — Rolled beams. 

Spans from 30 to 80 ft. — Riveted plate girders, or riveted low trusses for classes A, B, Ei, 
Ea and E3; and riveted low trusses for classes C, Di and Da. 

Spans 80 to 160 ft. — Riveted or pin-connected high trusses. 

Spans 160 to 200 ft. — Pin-connected trusses of the Pratt type with inclined chords. 

Spans over 200 ft. — Pin-connected trusses of the Petit type or K-type. 

4. Length of Span. — In calculating the stresses the length of span shall be taken as the 
distance between centers of end pins for pin-connected trusses, centers of end bearing plates for 
riveted trusses and for girders, and center to center of trusses for floorbeams. 

5. Form of Trusses. — The form of truss shall preferably be as given in paragraph 3. In 
through trusses the end vertical suspenders and the two panels of the lower chord at each end 
shall be made rigid members if the wind load produces a reversal of stress in the lower chord. In 
through bridges the floorbeams shall be riveted above or below the lower chord pins. 

6. Lateral Bracing. — All lateral and sway bracing shall preferably, and all portal bracing 
must be, made of shapes capable of resisting compression as well as tension, and shall have riveted 
connections. Low trusses and through plate girders shall be stayed by knee braces or gusset 
plates at each fioorbeam. 

7. Spacing of Trusses. — For bridges carr>dng electric cars the clear width from the center of 
the track shall not be less than 7 ft. at a height exceeding one foot above the track where the 
tracks arc straight, and an equivalent distance when the tracks arc curved. The distance between 
centers of trusses shall in no case be less than one-twentieth of the span between the centers of 
end-pins or shoes, and shall preferably not be less than one-twelfth of the span. 

8. Head Room. — For classes A, B, C, Di, Ei, E2 and E3 the clear head room for a width of 
eight (8) ft. on each track, or eight (8) ft. on the center line of the bridge shall not be less than 
15 ft., and for class not less than 12 ] ft. 

9. Footwalks. — Where footwalks are required, they shall generally be placed outside of the 
trusses and be supported on longitudinal beams resting on overhanging steel brackets. 

10- Handrailing. — A strong and suitable handrailing shall be placed at each side of the bridge 
and be rigidly attached to the superstructure. 

II. Trestle Towers. — Trestle l^ents shall preferably be composed of two supporting columns, 
two bents forming a tower; each tower thus formed shall be thoroughly braced in both directions 
and have struts between the feet of the columns. The feet of the columns must secured to 
an anchorage capable of resisting one and one-half times the specified wind forces (§89). 

* Reprinted from the author’s “ The Design of Highway Bridges of Steel, Timber and Con- 
crete,” Second Edition, 1920. 
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Each tower shall have a sufficient base, longitudinally to be stable when standing alone, 
without other support than its anchorage. Tower spans for high trestles shall not be less than 
30 ft. 

12. Proposals. — Contractors in submitting proposals shall furnish complete stress sheets, 
general plans of the proposed structures, and such detail drawings as will clearly show the dimen- 
sions of all the parts, modes of construction and sectional areas. 

13. Drawings. — Upon the acceptance and the execution of the contract, all working drawings 
required by the engineer shall be furnished free of cost (§168). 

14. Approval of Plans. — No work shall be commenced or materials ordered until the working 
drawings have been approved by the engineer in writing. 

FLOOR SYSTEM. 

15. Floorbeams. — All floorbeams shall be rolled or riveted steel girders, rigidly connected 
to the trusses at the panel points, or may be placed on the top of deck bridges at panel points. 
Floorbeams shall preferably be square to the trusses or girders. 

16. Joists and Stringers. — All joists and stringers of bridges of classes A, B, Ei, Ej and E| 
shall be of steel. Joists for classes C, Di and Da may be either of wood or steel as specified. 
Steel joists shall be securely fastened to the cross floorbeams, and steel stringers shall preferably 
be riveted to the webs of floorbeams by means of connection angles at least ^ in. thick. 

17. End Spacers for Stringers. — Where end floorbeams cannot be used, stringers resting on 
masonry shall have cross-frames at their ends. These frames shall be riveted to girder or truss 
shoe where practicable. 

18. Wooden Joists. — Wooden floor joists shall -be spaced not more than 2J ft. centers, and 
shall lap by each other so as to have a full bearing on the floorbeams, and shall be separated i in. 
for free circulation of air. Their width shall not be less than 3 in., or onc-fourth the depth in 
width. The proportion of the concentrated live load carried by one joist shall be taken equal to 
the spacing of the joists in feet divided by four feet. No impact shall be considered in the design 
of wooden joists, planks or tics. Oak, longlcaf yellow pine and Oregon fir shall be designed for a 
safe bending of 1,500 lb. per sq. in., bearing across the fiber of 400 lb. per sq. in., and shearing along 
the grain of 140 lb. per sq. in. Outside joists shall be designed for the same live loads as the inter- 
mediate joists. 

19. Steel Joists. — Steel I-bcams when used as joists shall have a depth of not less than one- 
thirtieth of the span, and one-twentieth of the span when used as track stringers. The proportion 
of the concentrated live load carried by one joist shall be taken equal to the spacing of the joists 
in feet divided by four feet when timber flooring is used, and divided by six feet when a reinforced 
concrete or other rigid fle^r is used. Outside joists shall be designed for the same live loads as the 
intermediate joists. 

20. Floor Plank. — For single thickness the roadway planks shall not be less than 3 in. thick 
nor less than onc-cighth of the distance between centers of joists, and shall be laid transversely with 
J in. openings and securely spiked to each joist. All plank shall be laid with heart side down. 
When an additional wearing surface is required it shall be i j in. thick, and the lower planks of a 
minimum thickness of 3 in. shall be laid diagonally with J in. openings. 

21. Foot walk plank shall be not less than 2 in. thick nor more than 6 in. wide, spaced with 
4 in. openings. 

All plank shall be laid with heart side down, shall have full and even bearing on and be firmly 
attached to the joists. 

22. Wheel Guards. — Wheel guards of a cross-section of not less than 6 in. by 4 in. shall be 

1 )rovided on each side of the roadway. They shall be spliced with half-and-half joints with 6 in. 
ap, and shall be bolted to the stringers or joist with | in. bolts, spaced not to e.xcecd 5 ft. apart. 

23. Solid Flaor. — For bridges of classes A and B a solid floor, consisting of wooden blocks, 
brick, stone, asphalt, etc., on a concrete bed is recommended. For this case the floor shall con- 
sist of buckle plates or corrugated sections or reinforced concrete slabs, and a waterproof 
concrete (bitumen or cement) bed not less than 3 in. thick for the roadway and 2 in. thick for the 
footwalk, over the highest point to be covered, not counting rivet or bolt heads. The floor shall 
be laid with a slope of at least one inch in 10 ft. 

Reinforced Concrete Floor.~For the design of reinforced concrete floors, see page 152, and 
for the distribution of loads on slabs see page 150. 

24. Buckle plates shall not be less than Ain. thick for the roadway and } in. thick for the 
footwalk. The crown of the plates shall not be less than 2 in. 

25. For solid floor the curb holding the paving and acting as a wheel guard on each side of 
the roadway shall be of stone or steel projecting about 6 in. above the finished paving at the gutter. 
The curb shall be so arranged that it can be removed and replaced when worn or injured. There 
shall also be a metal edging strip on each side of the footwalk to protect and hold the paving in 
place. 
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26. Drainage. — Provision shall be made for drainage clear of ail parts of the metal work. 

27. Floor of Classes Ei, E2, and Es. — The floors of classes Ei, Ei, and Ei shall consist of 
cross-ties not less than 6 in. by 6 in. for stringers spaced 6§ ft.; and larger for greater spacings, 
they shall be spaced with openings not exceeding 6 in., shall be notched down i in., and secured 
to the supporting stringers by J in. bolts spaced not over 6 ft. apart. The ties shall extend the 
full width of the bridge on deck bridges, and every other tie shall extend the full width in through 
bridges to carry the footwalk. Ties shall be designed for the same allowable unit stresses as 
wooden joists. 

There shall be guard timbers not less than 6 in. by 6 in., or 5 in. by 7 in., on each side of 
each track, with their inner faces not less than 9 in. from the center of the rail. ^ They shall be 
notched I in. over every tie, and shall be spliced over a tie with a half-and-half joint with 6 in. 
lap. Each guard timlaer shall be fastened to every third tie and at each splice with a J in. bolt. 
All heads or nuts on the upper faces of tics or guards shall be countersunk below the surface of 
the wood. 


PART 11 . LOADS. 

28. Dead Load. — ^The dead load will consist of (i) the weight of the metal, and (2) the weight 
of the timber in the floor, or of the material other than steel. In determining the dead load the 
weight of oak or other hard wood shall be taken at 4^ lb. per foot board measure, and the weight 
of pine or other soft woods at 3^ lb. per foot; the weight of asphalt at 130' lb., of concrete and 
paving brick at 150 lb., and of granite at 160 lb .per cu. ft. 

The rails, fastenings, splices and guard timbers of street railway tracks shall be assumed to 
weigh not less than loo lb. per lineal fOot of track. 

29. Live^ Load. — The bridges of diflerent classes shall be designed to carry, in addition to 
their own weight and that of the floor, a moving load, cither uniform or concentrated, or both, as 
specified below, placed so as to give the greatest stress in each member. 

Class A. For City TrajfJic. — h'or the floor and its supports, on any part of the roadway or 
on each of the street car tracks, a concentrated load of 24 tons on two axles 10 ft. centers and 5 ft. 
gage (assumed to occupy 12 ft. in width for a single line or 22 ft. for a double line), and upon 
the remaining portion of the floor, a load of 125 lb. per sq. ft. and a concentrated load as for class 
Di. Sidewalks a load of 100 lb. per sq. ft. 

Loads for the trusses as per Table I. 

Class B, For Suburban or Intcrurban Traffic. — Forthe floor and its supports, on any part 
of the roadway, a concentrated load of 12 tons on two axles lo-ft. centers and 5-ft. gage (assumed 
to occupy a width of 12 ft.), or on each street car track a concentrated load of 24 tons on two 
axles lo-ft. centers; and on the remaining portion of the floor, a load of 125 lb. per sq. ft. and a 
concentrated load as for class Di. Sidewalks a load of 100 lb. per sq. ft. 

Loads for the trusses as per Table I. 

Class C. For Highway and Light Intcrurban Traffic, — For the floor and its supports, on 
any part of the roadway, a concentrated load of 12 tons on two axles lo-ft. centers and 5-ft. gage 
(assumed to occupy a width of 12 ft.), or on each street car track r concentrated load of 18 tons 
on two axles lo-ft. centers; and upon the remaining portion of the floor, a load of 125 lb. per sq. ft, 
and a concentrated load as for class Dj. Sidewalks a load of 100 lb. per sq. ft. 

Loads for the trusses as per Table I. 

Class Di, Heavy Country Bridges. — For the floor and its supports, a load of 125 lb. per sq. ft. 
of total floor surface or a 20-ton motor truck with axles spaced 12 ft. and wheels with Gft.centers, 
with 14 tons on rear axle and 6 tons on front axle. The truck to occupy a space 10 ft. wide and 
32 ft. long. The rear wheels to have a width of 20 in. 

Loads for the trusses as per Table I. No bridge, however, to be designed for a load of less 
than 1,000 lb. per lineal foot of bridge. 

Class Di. Oridnary Country Bridges. — For the floor and its supports, a load of 100 lb. per 
sq. ft. of total floor surface of a 15-ton motor truck with axles spaced 10 ft. and wheels with Gft.cen- 
ters, and occupying a space 10 It. wide and 30 ft. long, with 10 tons on rear axle and 5 tons on 
front axle, and with rear wheels 15 in. wide. 

Loads for the trusses as per Table I. No bridge, however, to be designed for a load of less 
than 800 lb. per lineal foot of bridge. 

Class El. For Heavy Electric Railways Only. — On each track a series of concentrations 
consisting of two pairs of trucks, the axles of the pairs being spaced 5 ft. centers, while the distance 
between centers of interior axles is 10 ft., the pairs of trucks being spaced 15 ft. centers. The 
axles are loaded with a load of 40,000 lb., making a total of 160,000 lb. Or a uniform load of 6,000 
lb. per lineal foot for all spans up to 50 ft., reduced to 4,500 lb. per lineal foot for spans of 200 ft. 
ana over, and proportionately for intermediate spans. 
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CUiss Ei, For Medium Eleclric Railways Only. — On each track a series of concentrations 
consisting of two pairs of trucks, the axles of the pairs being spaced 5-ft. centers, while the distance 
between centers of interior axles is 10 ft., the pairs of trucks being spaced 15-ft. centers. The 
axles are loaded with a load of 25,000 lb., making a total load of 100,000 lb. Or a uniform load 
of 3,500 lb. per lineal foot for all spans up to 50 ft., reduced to 2,000 lb. per lineal foot for spans 
of 200 ft. and over, and proportionately for intermediate spans. 

Class E%. For Light Electric Railways Only. — On each track a series of concentrations 
consisting of two pairs of trucks, the axles of the pairs being spaced 5-ft. centers, while the distance 
between centers of interior axles is 10 tt., the pairs of trucks being spaced 15 ft. -centers. The 
axles are loaded with a load of 20,000 lb. making a total load of 80,000 lb. Or a uniform load of 
2,500 lb. per lineal foot for all spans up to 50 ft., reduced to 1,500 lb. per lineal foot for spans of 
200 ft. and over, and proportionately for intermediate spans. 

TABLE I. 

Live Loads for the Trusses 


Span in Feet. 

Class A. 

Class B. 

Class C. 

Class Di. 

Class D]. 

Pounds per 
Lineal Foot of 
Lach Cas 
Track. 

Pounds per 
Sauare Foot of 
Remaining’ 
Floor Surface. 

Pounds per 
Lineal Foot of 
Each Car 
Track. 

Pounds per 
Sauare Foot of 
Remaining 
Floor Surface. 

Pounds per 
Lineal Foot of 
Each Car 
Track. 

Pounds p>er 
S<marc Foot of 
Remaining 
Floor Surface. 

Pounds per* 
Square Foot of 
Floor Surface. 

Pounds per 
Square Foot of 
Floor Surface. 

Up to 









30 

1,800 

125 

1,800 

125 

1,800 

125 

125 

100 

80 

1,800 

105 

1,800 

8s 

1,200 

85 

8s 

75 

160 

1,440 

88 

1,440 

68 

1,080 

68 

68 

60 

200 









and over 

1,200 

80 

1,200 

60 

1,000 

60 

60 

50 


Loads for intermediate spans to be proportional. 


30. Wind Loads. — The lateral bracing in the unloaded chords of truss bridges shall be designed 
for a lateral wind load of 150 lb. per lineal foot of bridge, considered as a moving load. The lateral 
bracing in the loaded chords of truss bridges shall be designed for a lateral w ind load of 300 lb. per 
lineal foot of bridge, considered as a moving load. For spans over 300 ft. each of the above load- 
ings shall be increased 10 lb. for each 20 ft. increase in span. In highway bridges not carrying 
electric cars the end-f)Osts of through and deck bridges and the intermediate posts of through 
bridges shall be designed for a combination (i) of the dead load stresses and the total live load 
stresses; or (2) of the dead load stresses, the live load stresses, the impact and centrifugal stresses, 
and one-half the total wind load stresses. In low truss bridges and plate girders not carrying 
electric cars the wind load on the unloaded chord may be omitted and the lateral bracing be de- 
signed for a lateral wind load of 300 lb. per lineal foot treated as a moving load. In bridges with 
sway bracing one-half of the wind load may be assumed to pass to the lower chord through the 
sway bracing. 

End-posts of riveted through trusses with end floorbeams riveted rigidly at ends, shall be 
assumed as fixed at lower end. 

31. In trestle towers the bracing and columns shall be designed to resist the follow ing lateral 
forces, in addition to the stresses due to dead and live loads: The trusses loaded or unloaded, the 
lateral pressures specified above; and a lateral pressure of 100 lb. for each vertical lineal foot of 
trestle bent. 

J 2. Temperature. — Stresses due to a variation in temperature of 150 degrees shall be pro- 
for (§ 81). 

33. Centrifugal Force of Train. — Structures located on curves shall be designed for the 
centrifugal force of the live load acting at the top of the rail. The centrifugal force shall be calcu- 
lated by the following formula: C - 0.03 IF-D; where C = centrifugal force in lb.; W — weight 
of train in lb. ; and D = degree of curvature. 

Longitudinal Forces. — ^The stresses produced in the bracing of the trestle towers, in any 
memoers of the trusses, or in the attachments of the girders or trusses to their bearings, by sud- 
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denly stopping the maximum electric car trains on any part of the work must be provided for; 
the coefficient of friction of the wheels on the rails being assumed as 0.20. 

35. All parts shall be so designed that the stresses coming upon them can be accurately 
calculated. 

PART III. UNIT STRESSES AND PROPORTION OF PARTS. 

36. Unit Stresses. — All parts of the structure shall be proportioned so that the sum of the 
maximum stresses shall not exceed the following amounts in lb. per sq. in., except as modified by 
§ 45 and § 48. 

Impact. — The dynamic increment of the live load stress shall be added to the maximum live 
load stresses as follows: 

For the floor and its supports including floor slabs, floor joist, floorbeams and hangers, 30 
per cent. 

For all truss members other than the floor and its supports, the impact increment shall be 
I — ioo/(L -h 300), w'here L — length of span for simple highway spans (for trestle bents, towers, 
movable bridges, arch and cantilever bridges, and for bridges carrying electric trains, L shall be 
taken as the loaded length of the bridge in feet producing maximum stress in the member). 

Impact shall not be added to the stresses produced by longitudinal, centrifugal and lateral or 
wind forces. 

37. Tension. — Axial tension on net section 16,000 

The lengths of riveted tension members in horizontal or inclined positions shall not exceed 

200 times their radius of gyration about the horizontal axis. The horizontal projection of the 
unsupported portion of the member is to be considered as the effective length. 

38. Compression. — Axial compression on gross section 16,000 — 70 -//r 

with a maximum of 14,000 lb.; where is tlie length of member in inches and “r” is the least 
radius of gyration in inches. 

No compression member, how'ever, shall have a length exceeding 100 times its least radius of 
gyration for main members or 120 times for laterals for classes A, B, C, Ei, E2, and Es; or 125 times 
Us least radius of gyration for main members or 150 times for laterals for classes Di and D2. 

39. Bending. — Bending: on extreme fibers of rolled shapes, built sections and girders; 


net section 16,000 

on cast iron 3, 000 

on extreme fibers of pins 24,000 

40. Shearing. — Shearing: shop driven rivets and pins 12,000 

field driv'en rivets and turned bolts 10,000 

plate girder webs; gross section 10,000 

cast iron 1,500 

41. Bearing. — Bearing; shop driven rivets and pins 24,000 

field driven rivets and turned bolts 20,000 

cast iron 12,000 

granite masonry and Portland cement concrete 600 

sandstone and limestone 400 

expansion rollers; per lineal inch 6ood 

cast iron expansion rockers; per lineal inch 300d 


where “d” is the diameter of the roller in inches. 

Rivets shall not be used in direct tension, except for lateral bracing where unavoidable; in 
which case the value for direct tension on the rivet shall be taken the same as for single shear. 

42. Alternate Stresses. — Members subject to alternate stresses of tension and compression 
shall be proportioned for the stresses giving the largest section. If the alternate stresses occur 
in succession during the passage of one train, as in stiff counters, each stress shall be increased by 
50 per cent of the smaller. The connections shall in all cases be proportioned for the sum of the 
stresses. 

43. Angles in Tension. — When single-angle members subject to direct tension are fastened by 
one leg, only ^venty-five per cent of the net area shall considered effective. Angles with lug 
angle connections shall not be considered as fastened by lx)th legs. 

44. Net Section. — In members subject to tensile stresses full allowance shall be made for 
reduction of section by rivet-holes, screw-threads, etc. In calculating net area the rivet-holes 
shall be taken as having a diameter J in. greater than the normal size of rivet. 

The net section of riveted members shall he the least area which can be obtained by deducting 
from the gross sectional area the areas of holes cut by any plane perpendicular to the axis of the 
member and parts of the areas of other holes on one side of the plane, within a distance of 4 inches, 
and which are on other gage lines than those of the holes cut by the plane, the parts being deter- 
mined by the formula: 
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A(i - PM, 

in which A « the area of the hole, and 

p « the distance in inches of the center of the hole from the plane. 

45. Long Sp^ Bridges. — For long span bridges, where the ratio of the length to width of 
span is such that it makes the top chords acting as a whole, a longer column than the segments of 
tne chords, the chord shall be proportioned for the greater length. 

46. Wind Stresses. — The stresses in truss members or trestle posts from assumed wind forces 
need not be considered except as follows: 

1. When the direct wind stresses per square inch in any member exceed 25 per cent of the 
stresses due to dead and live loads in the same member. The section shall then be increased 
until the total unit stress shall not exceed by more than 25 per cent the maximum allowable 
stress for dead and live loads. 

2. When the wind stress alone or in combination with a possible temperature stress can 
neutralize or reverse the stresses in the member. 

When both direct and flexural stresses due to wind are considered 50 per cent may be added 
to allowable stresses for dead and live loads, provided the area thus obtained is not less than re- 
quired for dead and live loads alone, or for dead, live and direct wind loads designed as in § 46. 

47. Combined Stresses. — Members subjected to direct and bending stresses shall be designed 
so that the greatest fiber stress shall not exceed the allowable unit stress on the member. 

48. Stress Due to Weight and Eccentric Loading. — If the fiber stress due to weight and 
eccentric loading on any member exceeds 10 per cent of the allowable unit stress on the member, 
such excess must be considered in proportioning the member. See § 46. 

49. Counters. — Counters in bridges carrying electric cars shall be designed so that an increase 
of the live load of 25 per cent will not increase the stress in the counters more than 25 per cent. 

50. Design of Plate Girders. — Plate girders shall be proportioned either by the moment of 
inertia of their net section; or by assuming that the flanges are concentrated at their centers of 
gravity, in which case one-eighth of the gross section of the web, if pro[x?rly spliced, may be used 
as flange section. The thickness of web plates shall be not less than in., nor less than 1/160 of 
the unsupported distance between flange angles. 

Compression Flanges. — In beams and plate girders the compression flanges shall have the 
same gross section as the tension flanges. Through plate girders shall have their top flanges 
stayed at each end of every floorbeam, or in case of solid flcx)rs, at distances not exceeding 
12 ft., by knee braces or gusset plates. The stress per sq. in. in compression flange of any beam or 
girder shall not exceed 16,000 ~ 150 //^, where / = unsupported distance and b — w idth of flange. 

51. Web Stiffeners. — There shall be web stiffeners, generally in pairs, over bearings, at points 
of concentrated loading, and at other points where the thickness of the web is less than ^ of the 
unsupported distance between flange angles. The distance between stiffeners shall not exceed 
that given by the following formula, with a maximum limit of six feet (and not greater than the 
clear depth of the web): d — t (i2,o(X) — 5)/40. 

Where d == clear distance, between stiffeners of flange angles; / = thickness of W'eb; s «= shear 
in ft), per sq. in. 

The stiffeners at ends and at points of concentrated loads shall Ixj proportioned by the formula 
of paragraph 38, the effective length being assumed as one-half the depth of girders. End stiffeners 
and those under concentrated loads shall be on fillers and have their outstanding legs as wide as 
the flange angles will allow and shall fit tightly against them. Intermediate stiffeners may be 
offset or on fillers, and their outstanding legs shall be not less than one-thirtieth of the depth of 
girder, plus 2 in. 

52. Flange Rivets. — The flanges of plate girders shall be connected to the web with a sufficient 
number of rivets to transfer the total shear at any point in a distance equal to the effective depth 
of the girder at that point combined with any load that is applied directly on the flange. The 
wheel loads, where the ties rest on the flanges, shall be assumed to be distributed over three ties. 

53. Depth Ratios. — Trusses shall preferably have a depth of not less than one-tenth of the 
span. Plate girders and rolled beams, used as girders, shall preferably have a depth of not less 
tnan one-twelfth of the span. If shallower trusses, girders or beams arc used, the section shall be 
increased so that the maximum deflection will not be greater than if the above limiting ratios had 
not been exceeded. For steel joists and track stringers, see § 19. 

54. Low Trusses. — Riveted low trusses shall have top chords composed of a double web mem- 
ber with cover plate. The top chords shall be stayed against lateral bending by means of brackets 
or knee braces rigidly connected to the floorbeam at intervals not greater than twelve times the 
width of the cover plate. The posts shall be solid web members. The floor beams shall be riveted, 
preferably above the lower chord. Pin-connected low truss bridges shall not be used. 
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55. Rolled Beams. — Rolled beams shall be designed by using their moments of inertia. The 
webs of rolled beams and plate girders shall be assumed to take all the shear. 


PART IV. DETAILS OF DESIGN 
General Requirements. 

56. Open Sections.—yStructures shall be so designed that all parts will be accessible for in- 
spection, cleaning and painting. 

57. Water Pockets. — Pockets or depressions which would hold water shall have drain holes, 
or be filled with waterproof material. 

58. Symmetrical Sections. — Main members shall be so designed that the neutral axis will be 
as nearly as practicable in the center of section, and the neutral axes of intersecting main members 
of trusses shall meet at a common point. 

59. Counters. — Rigid counters are preferred; and where subject to reversal of stress shall 
have riveted connections to the chords. Adjustable counters shall have open turn-buckles. 

60. Strength of Connections. — The strength of connections shall be sufficient to develop the 
full strength of the member, even though the computed stress is less, the kind of stress to which 
the member is subjected being considered. 

61. Minimum Thickness. — ^The minimum thickness of metal shall be A in* in classes A, B, 
C, El, E2 and E», except for fillers; and i in. in classes Di and D2, except for fillers and webs of 
channels. Webs of channels for classes Di and Da may have a minimum thickness of 0.20 in. 
The minimum angle shall be 2 in. X 2 in. X i in. The minimum rod shall have an area of at 
least I sq. in., in all classes except Di and Dj, which shall have no rods less than J in. in diameter. 
Webs of place girders shall not be less than A 

62. Pitch of Rivets. — The minimum distance between centers of rivet holes shall be three 
diameters of the rivet; but the distance shall preferably be not less than 3 in. for J-in. rivets, 
2i in. for J-in rivets, and 2 in. for |-in. rivets. The maximum pitch in the line of stress for 
members composed of plates and shapes shall be 16 times the thickness of the thinnest outside 
plate or 6 in. For angles with two gage lines and rivets staggered, the maximum shall be twice 
the above in each line. Where two or more plates are used in contact, rivets not more than 12 in. 
apart in either direction shall be used to hold the plates well together. In tension members com- 
posed of two angles in contact, a pitch of 12 in. will be allowed for riveting the angles together. 

6^. Edge Distance. — The minimum distance from the center of any rivet hole to a sheared 
edge shall be i J in. for J-in. rivets, li in. for }-in. rivets, and ij in. for J-in. rivets, and to a rolled 
edge li, i in., respectively. The maximum distance from any edge shall be eight times 

the thickness of the plate, but shall not exceed 6 in. 

64. Maximum Diameter. — The diameter of the rivets in any angle carrying calculated stress 
shall not exceed one-quarter the width of the leg in which they are driven. In minor parts J-in. 
rivets may be used in 3-in. angles, J-in. rivets in 2|-in. angles, and f-in. rivets in 2-in. angles. 

65. Long Rivets. — Rivets carrying calculated stress and whose grip exceeds four diameters 
shall be increased in number at least one per cent for each additional A-in. of grip. 

66. Pitch at Ends. — The pitch of rivets at the ends of built compression members shall not 
exceed four diameters of the rivets, for a length equal to one and one-half times the maximum 
width of member. 

67. Compression Members. — In compression members the metal shall be concentrated as 
much as possible in w^bs and flanges. The thickness of each web shall be not less than one- 
thirtieth of the distance between its connections to the flanges. Cover plates shall have a thickness 
not less than one-fortieth of the distance between rivet lines. 

68. Minimum Angles. — Flanges of girders and built members without cover plates shall 
have a minimum thickness of one-twelfth of the width of the outstanding leg. 

69. Batten Plates. — The open sides of all compression members shall be stayed by batten 
plates at the ends and diagonal lattice-work at intermediate points. The batten plates must be 
placed as near the ends as practicable, and shall have a length not less than the greatest w^idth of 
the member or i J times its least width. 

70. Lacing Bars. — The lacing of compression members shall be proportioned to resist a shear- 
ing stress of 2J per cent of the direct stress. The minimum width of lacing bars shall be i J in. 
for members 6 in. in width, 2 in. for members 9 in. in width, 2J in. for members 12 in. in width, 
2j in. for members 15 in. in width, nor 3 in. for members 18 in. and over in width. Single lacing 
bars shall have a thickness not less than one-fortieth, or double lacing bars connected by a rivet 
at the intersection, not less than one-sixtieth of the distance between the rivets connecting them 
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to the members. They shall be inclined at an angle not less than 6o® to the axis of the member for 
single lacing, nor less than 45® for double lacing with riveted intersections. 

71. Spacing of Lacing Bars. — Lacing bars shall be so spaced that the portion of the flange 
included between their connection shall be as strong as the member as a whole. The pitch of 
the lacing bars must not exceed the width of the channel plus nine inches. 

72. Rivets in Flanges. — Five-eighths-inch rivets shall be used for lacing flanges less than 
2j in. wide; J-in. for flanges from 2^ to 3i in. wide; J-in. rivets shall be used in flanges 3J in. and 
over. L^icing bars with two rivets shall be used for flanges over 5 in. wide. 

73. Splices. — In compression members joints with abutting faces planed shall be placed as 
near the panel points as possible, and must be spliced on all sides W'ith at least two rows of rivets 
on each side of the joint. Joints with abutting faces not planed shall be fully spliced. Joints in 
tension members shall be fully spliced. 

74. Pin Plates. — Where necessary, pin-holes shall be reinforced by plates, some of which 
must be of the full width of the member, so the allowed pressure on the pins shall not be exceeded, 
and so the stresses shall be properly distributed over the full cross-section of the members. These 
reinforcing plates must contain enough rivets to transfer their proportion of the bearing pressure, 
and at least one plate on each side shall extend not less than 6 in. beyond the edge of the nearest 
batten plate. 

75. Riveted Tension Members. — Riveted tension members shall have an effective section 
through the pin-holes 25 per cent in excess of the net section of the member, and back of the pin 
at least 75 per cent of the net section through the pin-hole. 

76. Pins. — Pins shall be long enough to insure a full bearing of all the parts connected upon 
the turned body of the pin. The diameter of the pin shall not be less than J of the depth of any 
eye-bar attached to it. They shall be secured by chambered Lomas nuts or be provided witn 
washers if solid nuts are used. The screw ends shall be long enough to admit of burring the 
threads. 

77. Filling Rings. — Members packed on pins shall be held against lateral movement. 

78. Bolts. — Where members are connected by bolts, the turned body of these bolts shall be 
long enough to extend through the metal. A washer at least i in. thick shall be used under the 
nut. Bolts shall not be used in place of rivets except by special permission. Heads and nuts shall 
be hexagonal. 

79. Indirect Spbees. — W’here splice plates are not in direct contact with the parts which 
they connect, rivet*' shall be used on each side of the joint in excess of the number theoretically 
required to the extent of one-third of the number for each intervening plate. 

80. Fillers. — Rivets carrying stress and passing through fillers shall be increased 50 per cent 
in number; and the excess rivets, when possible, shall be outside of the connected member. 

81. Expansion. — Provision for expansion to the extent of J in. for each 10 ft. shall be made 
for all bridge structures. Efficient means shall be provided to prevent excessive motion at any 
one point (§ 32). 

82. Expansion Bearings. — Spans of 60 ft. and over resting on masonp^ shall have turned 
rollers or rockers at one end; and those of less length shall be arranged to slide on smooth metal 
surfaces. 

83. Fixed Bearings. — Movable bearings shall be designed to permit motion in one direction 
only. Fixed bearings shall be firmly anchored to the masonry (§ 87). 

84. Rollers. — Expansion rollers shall be not less than 3 in. in diameter for spans of 100 feet 
or less, and shall be increased i in. for each 100 ft. additional. They shall be coupled together 
with substantial side bars, which shall be so arranged that the rollers can be readily cleaned. 

85. Bolsters. — Bolsters or shoes shall be so constructed that the load will be distributed over 
the entire bearing. 

86. Pedestals and Bed Plates. — Built pedestals shall be made of plates and angles. All 
bearing surfaces of the base plates and vertical webs must bo planed. The vertical webs must be 
secured to the base by angles having two rows of rivets in the vertical legs. No base olate or web 
connecting angle shall l)e less in thickness than J in. The vertical webs shall be of sufficient height 
and must contain material and rivets enough to practically distribute the loads over the bearings 
or rollers. 

Where the size of the pedestal permits, the vertical webs must be rigidly connected trans- 
versely. 

The details of cast iron or cast steel shoes shall be subject to the special approval of the en- 
gineer. The vertical webs of cast iron rockers and pedestals shall be designed for an allowable 
unit stress of 9,000 — 40//r, where h « height and r - radius of gyration of vertical web, both 
in inches. 
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87. All the bed-plates and bearings under fixed and movable ends must be fox-bolted to the 
masonry; for trusses, these bolts must not be less than 1 i in. diameter; for plate and other girders, 
not less than J in. diameter. 

88. Wall Plates. — Wall plates may be cast or built up; and shall be so designed as to distrib- 
ute the load uniformly over the entire bearing. They shall be secured against displacement. 

89. Anchorage. — Anchor bolts for viaduct towers and similar structures shall be long enough 
to engage a mass of masonry the weight of which is at least one and one-half times the uplift (§ 1 1). 

90. Inclined Bearings. — Bridges on an inclined grade without pin shoes shall have the sole 
plates beveled so that the masonry and expansion surfaces may be level. 

91. Camber. — Truss spans shall be given a camber by making the panel length of the top 
chords, or their horizontal projections, longer than the corresponding panels of the bottom chora 
in the proportion of A m 10 ft. Plate girder spans need not be cambered. 

92. Eye-bars. — The eye-bars composing a member shall be so arranged that adjacent bars 
shall not have their surfaces in contact; they shall be as nearly parallel to the axis of the truss as 
possible, the maximum inclination of any bar being limited to one inch in 16 ft. 

PART V. MATERIALS AND WORKMANSHIP. 

Material. 

93. Process of Manufacture. — Steel shall be made by the open-hearth process and shall 
comply with the standard sjXicifications for structural steel for bridges adopted by the American 
Society for Testing Materials. 

(Actions 94 to 1 17 inclusive cover the American Society for Testing Materials Specifications 
for Steel for Bridges, see Ketchum’s Structural Engineer’s Handbook). 

1 18. Timber. — The timber shall be strictly first-class spruce, white pine, Douglas fir, Southern 
yellow pine, or white oak bridge timber; sawed true and out of wind, full size, free from wind 
shakes, large or loose knots, decayed or sapwood, wormholes or other defects impairing its strength 
or durability. 

Workmanship. 

1 19. General. — All parts forming a structure shall be built in accordance with approved 
drawings. The workmanship and finish shall be equal to the best practice in modern bridge works. 

120. Straightening Material. — Material shall be thoroughly straightened in the shop, by 
methods that will not injure it, before being laid off or worked in any way. 

12 1. Finish. — Shearing shall be neatly and accurately done and all portions of the work 
exposed to view neatly finished. 

122. Size of Rivets. — The size of rivets, called for on the plans, shall be understood to mean 
the actual size of the cold rivet before heating. 

123. Rivet Holes. — When general reaming is not required the diameter of the punch shall 
not be more than ^ in. greater than the diameter of the rivet; nor the diameter of the die more 
than i in. greater than the diameter of the punch. Material more than J in. thick shall be sub- 
punched and reamed or drilled from the solid. 

124. Punching. — All punching shall be accurately done. Drifting to enlarge unfair holes 
will not be allowed. If tne holes must be enlarged to admit the rivet, they shall be reamed. 
Poor matching of holes will be cause for rejection. 

125. Sub-punching and Reaming. — Where reaming is required, the punch used shall have a 
diameter not less than in. smaller than the nominal diameter of the riv et. Holes shall then be 
reamed to a diameter not more than Jn. larger than the nominal diameter of the rivTt. All 
reaming shall be done with twist drills. (§ 140). 

126. Reaming After Assembling. — When general reaming is required it shall be done after 
the pieces forming one built member arc assembled and firmly bolted together. If necessary to 
take the pieces apart for shipping and handling, the rcspectiv^e pieces reamed together shall be 
80 marked that they may be reassembled in the same position in the final setting up. No inter- 
change of reamed parts will be allowed. 

127. Edge Planing. — Sheared edges or ends shall, when required, be planed at least i in. 

128. Burrs. — The outside burrs on reamed holes shall be removed. 

129. Assembling. — Riveted members shall have all parts w^ell pinned up and firmly drawm 
together with bolts, before riveting is commenced. Contact surfaces to be painted. 

130. Lacing Bars. — Lacing bars shall have neatly rounded ends, unless otherwise called for. 

13 1 . Web Stiffeners. — Stiffeners shall fit neatly between flanges of girders. Wffiere tight 
fits are called for, the ends of the stiffeners shall be faced and shall be brought to a true contact 
bearing with the flange angles. 
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IA2. Splice Plates and Fillers. — Web splice plates and fillers under stiffeners shj^l be cut to 
fit within i in. of fiange angles. 

133. Web Plates. — Web plates of girders, which have no cover plates, shall be flush with 
the backs of angles or project above the same not more than t in., unless otherwise called for. 
When web plates are spficea, not more than i in. clearance between ends of plates will be allowed. 

134. Connection Angles. — Connection angles for floorbeams and stringers shall be flush 
with each other and correct as to i»sition and length of girder. In case milling (of all such angles) 
is needed or is required after riveting, the remov^ of more than ^ in. from their thickness will be 
cause for rejection. 

135. Rivets. — Rivets shall be driven by pressure tools wherever possible. Pneumatic 
hammers shall be used in preference to hand driving. 

136. ^veting. — Rivets shall look neat and finished, with heads of approved shape, full and 
of equal size. They shall be central on shank and grip the assembled pieces firmly. Recupping 
and calking will not be allowed. Loose, burned or otherwise defective rivets shall be cut out and 
replaced. In cutting out rivets, great care shall be taken not to injure the adjacent metal. If 
necessary, they shall be drilled out. 

137. Turned Bolts. — ^WTierever bolts are used in place of rivets which transmit shear, the 
holes shall be reamed parallel and the bolts turned to a driving fit. A washer not less than i in. 
thick shall be used under nut. 

138. Members to be Straight. — The several pieces forming one built member shall be straight 
and fit closely together, and finished members shall be free from twists, bends or open joints. 

139. Finish of Joints. — Abutting joints shall be cut or dressed true and straight and fitted 
close together, especially where open to view. In compression joints, depending on contact 
bearing, the surfaces shall be truly faced, so as to have even bearings after they arc riveted up 
complete and when perfectly aligned. 

140. Field Connections. — Holes for floorbeam and stringer connections shall be sub-punched 
and reamed according to paragraph 125, to a steel templet one inch thick. (If required, all 
other field connections, except those for laterals and sway bracing, shall be assembled in the shop 
and the unfair holes reamed; and when so reamed, the pieces shall be match-marked before being 
taken apart.) 

141. Eye-bars. — Eye-bars shall be straight and true to size, and shall be free from twists, folds 
in the neck or head, or any other defect. Heads shall be made by upsetting, rolling or forging. 
Welding will not be allowed. The form of heads will be determined by the dies in use at the 
works where the eye-bars are made, if satisfactory to the engineer, but the manufacturer shall 
guarantee the bars to break in the body when tested to rupture. The thickness of head and 
neck shall not vary more than ^ in. from that specified. 

142. Boring Eye-bars. — Before boring, each eye-bar shall be properly annealed and care- 
fully straightened. Pin-holes shall be in the center line of bars and in the center of heads. Bars 
of the same len^h shall be bored so accurately that, when placed together, pins ^ in. smaller in 
diameter than the pin-holes can be passed through the holes at both ends of the bars at the same 
time without forcing. 

143. Pin-Holes. — Pin-holes shall be bored true to gages, smooth and straight; at right angles 
to the axis of the member and parallel to each other, unless otherwise called for. The boring shall 
be done after the member is riveted up. 

144. Variation in 1 ^-Holes. — ^The distance center to center of pin-holes shall be correct 
within ^ in., and the diameter of the holes not more than ^ in. larger than that of the pin, for 
pins up to 5-in. diameter, and ^ in. for larger pins. 

145. Pins and Rollers.— Pins and rollers shall be accurately turned to gages and shall be 
straight and smooth and entirely free from flaws. 

146. Screw Threads. — Screw threads shall make tight fits in the nuts and shall be U. S. 
standard, except above the diameter of i J in., when they shall be made with six threads per inch. 

147. Annealing. — Steel, except in minor details, which has been partially heated, shall be 
properly annealed. 

148. Steel Castings. — All steel castings shall be annealed. 

149. Welds. — Welds in steel will not be allowed except to remedy minor defects in steel 
casting. 

150. Bed Plates. — Expansion bed plates shall be planed true and smooth. Cast wall plates 
shall be planed top and bottom. The cut of the planing tool shall correspond with the direction 
of expansion. 

151. Pilot Nuts. — Pilot and driving nuts shall be furnished for each size of pin, in such 

numbers as may be ordered. ' 
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152. Field Rivets. — Field rivets shall be furnished to the amount of 15 per cent plus ten 
rivets in excess of the nominal number required for each size. 

153 - Shipping Details. — Pins, nuts, bolts, rivets and other small details shall be boxed or 
crated. 

154. Weight. — The weight of every piece and box shall be marked on it in plain figures. 

155* Weight Paid For. — The payment for pound price contracts shall be based on scale 
weights of the metal in the fabricated structure, including field rivets 15 per cent plus 10 rivets 
in excess of the number nominally required. The weight of the shop coat of paint, field paint, 
cement, fitting up bolts, pilot nuts, driving caps, boxes and barrels used for paclang, and material 
used in supporting members on cars shall be excluded. If the scale weight is more than 2J per 
cent under the computed weight it may be cause for rejection. The greatest allowable variation 
of the total scale weight of any structure from the weights computed from the approved shop 
drawings shall be per cent. Any weight in excess of li per cent above the computed weight 
shall not be paid for. The weights of rolled shapes and plates-up to and including 36 in. in width 
shall be computed on the basis of their normal weights and dimensions, as shown on the approved 
drawings, deducting for all copes, cuts and open holes. With plates more than 36 in. in width, 
the weights arc to be calculated in the same manner as for plates 36 in. and under, except that 
one-half the percentage of overrun given in the Standard Specifications for Structural Steel for 
Bridges of the American Society for Testing Materials shall be added. The weight of heads of 
shop driven rivets shall be included in the computed weight. The weights of castings shall be 
computed from the dimensions shown on the approved drawings, with an addition of 10 per cent 
for fillets and overrun. 

SHOP PAINTING. 

156. Cleaning. — Steel work, before leaving the shop, shall be thoroughly cleaned and p^iven 
one good coating of pure linseed oil, or such paint as may be called for, well worked into all joints 
and open spaces. 

157. Contact Surfaces. — In riv'eted work, the surfaces coming in contact shall each be painted 
before being riveted together. 

158. Inaccessible Surfaces. — Pieces and parts which are not accessible for painting after 
erection, including tops of stringers, eye-bar heads, ends of posts and chords, etc., shall nave a 
good coat of paint before leaving the shop. 

159. Condition of Surfaces. — Painting shall be done only when the surface of the metal is 
perfectly dry. It shall not be done in wet or freezing weather, unless protected under cover. 

160. Machine-finished Surfaces. — Machine-finished surfaces shall be coated with white 
lead and tallow before shipment or before being put out into the open air. 

INSPECTION AND TESTING AT THE SHOP AND MILL. 

161. Facilities for Shop Inspection. — The manufacturer shall furnish all facilities for inspecting 
and testing the weight and quality of workmanship at the shop where material is manufactured. 
He shall furnish a suitable testing machine for testing full-sized members, if required. 

162. Starting Work in Shop. — The purchaser shall be notified well in advance of the start 
of the work in the shop, in order that he may have an inspector on hand to ins[xxt material and 
workmanship. 

163. Copies of Mill Orders. — The purchaser shall be furnished complete copies of mill orders, 
and no material shall he rolled, nor work done, before the purchaser has been notified where the 
orders have been placed, so that he may arrange for the inspection. 

164. Facilities for Mill Inspection. — The manufacturer shall furnish all facilities for inspecting 
and testing the weight and quality of all material at the mill where it is manufactured. He shall 
furnish a suitable testing machine for testing the specimens, as well as prepare the pieces for the 
machine, free of cost. 

165. Access to Mills. — When an inspector is furnished by the purchaser to inspect material 
at the mills, he shall have full access, at all times, to all parts of mills where material to be inspected 
by him is being manufactured. 

166. Access to Shop. — When an inspector is furnished by the purchaser, he shall have full 
access, at all times, to all parts of the shop where material under his inspection is being manu- 
factured. 

167. Accepting Material or Work. — The inspector shall stamp each piece accepted with a 
private mark. Any piece not so marked may be rejected at any time, and at any stage of the 
work. If the inspector, through an oversight or otherwise, has accepted material or work which 
is defective or contrary to the specifications, this material, no matter in what stage of completion, 
may be rejected by the purchaser. 
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1 68. Shop Plans. — ^The purchaser shall be furnished complete shop plans (§13). 

169. Shipping Invoices. — Complete copies of shipping invoices shall be furnished to the 
purchaser with each shipment. 

FULL-SIZED TESTS. 

170. Test to Prove Workmanship. — Full-sized tests on eye-bars and similar members, to 
prove the workmanship, shall be made at the manufacturer’s expense, and shall be paid for by 
the purchaser at contract price, if the tests are satisfactory. If the tests are not satisfactory, the 
members represented by them will be rejected. 

171. Eye-bar Tests. — In eye-bar tests, the fracture shall be silky, the elongation in 10 ft., 
including the fracture, shall be not less than 15 per cent; and the ultimate strength and true 
elastic limit shall be recorded (§ 141). 

ERECTION. 

172. If the contractor erects the bridge he shall, unless otherwise sp^ified, furnish all staging 
and fal^work, erect and adjust all metal work, and shall frame and put in place all floor timbers, 
guard timbers, trestle timbers, etc., complete ready for traffic. 

The contractor shall put in place all stone bolts and anchors for attaching the steel work to 
the masonry. He shall drill all the necessary holes in the masonry, and set all bolts with neat 
Portland cement. 

173. Field rivets shall preferably be driven by pneumatic riveters of approved make. A 
pneumatic buckcr shall be used with a pneumatic riveter. Splices and field connections shall have 
50 per cent of the holes filled with bolts and drift pins (of which onc-fifth shall be drift pins) 
before riveting. Splices and connections carrying traffle during erection shall have 75 per cent 
of the holes so filled. Rivets in splices of compression chords shall not be driven until tne abutting 
surfaces have been brought into contact throughout, and submitted to full dead load stress. Field 
riveting shall be done to the satisfaction of the engineer. 

The fence may be field bolted, all other connections shall be field riveted. 

174. The erection will also include all necessary hauling from the railroad station, the un- 
loading of the materials and their proper care until the erection is completed. 

175. Whenever new structures arc to replace existing ones, the latter are to be carefully taken 
down and removed by the contractor to some place where the material can be hauled away. 

176. The contractor shall so conduct his work as not to interfere with traffic, interfere with 
the work of other contractors, or close any thoroughfare on land or water. 

177. The contractor shall assume all risks of accidents and damages to persons and properties 
prior to the acceptance of the work. 

178. The contractor must remove all falsework, piling and other obstructions or unsightly 
material produced by his operations. 

PAINTING AFTER ERECTION. 

179* After the bridge is erected the metal work shall be thoroughly cleaned of mud, grease or 
other material, then be thoroughly and evenly painted with two coats of paint of the kind specified 
by the engineer, mi.xed with linseed oil. All recesses which may retain water, or through which 
water can enter, must be filled with thick paint or some waterproi^f cement before the final painting. 
The different coats of paint must be of distinctly different shades or colors, and one coat must 
be allowed to dry thoroughly before the second coat is applied. All painting shall be done with 
round brushes of the best quality obtainable on the market. The paint shall be delivered on the 
work in the manufacturer’s original packages and be subject to inspection. If tests made by the 
inspector shows that the paint is adulterated, the paint will be rejected and the contractor shall 
pay the cost of the analyses, and shall scrape off and thoroughly clean and repaint all material 
that has been painted with the condemned paint. The paint shall not be thinned with anything 
whatsoever; in cold weather the paint maybe thinned by heating under the direction of the 
insp^tor. No turpentine nor benzine shall be allowed on the work, except by the permission of 
the inspector, and in such nuantity as he shall allow. The inspector shall be notified when any 
painting is to be done by the contractor, and no painting shall l)e done until the inspector has 
approved the surface to which the paint is to be applied. Paint shall not be applied out of doors 
in freezing, rainy, or misty weather, and all surfaces to which paint is to be applied shall be diy. 
clean and warm. In cool weather the paint may be thinned by heating, and this may be require 
by the inspector. 

REFERENCES. — For the calculation of stresses in bridge trusses and plate girders, for 
details of bridges, for the design of bridge details, and for additional examples of highway bridges, 
see the author’s “ The Design of Highway Bridges of Steel, Timber and Concrete,” ^cond 
Edition, 1920. 



CHAPTER IV. 


Steel Railway Bridges. 

TYPES OF STEEL BRIDGES. — The same types of trusses are used for railway as for high- 
way bridges, Fig. 4, Chapter III. Beam bridges are used for short spans, and plate girders up to 
spans of about 125 ft. Riveted truss spans are used for spans of 100 ft. and upwards. Pin-con- 
nected truss spans arc still used for long span bridges and by a few railroads for spans of 150 ft. 
and upwards. Many railroads arc building riveted trusses for spans of more than 200 ft., and 
riveted truss spans of 300 ft. are not uncommon. The new terminal bridge over the Missouri 
River at Kansas City, Mo., has riveted trusses with a span of 425 ft. 62 in. The Norfolk & West- 
ern R. R. has constructed a double track bridge over the Ohio River with a span of 520 ft., which 
is riveted with the exception of four bottom chord panel points, which have pin joints. The 
lengths and types of railway bridges as used by different railroads are given in Table XII in the 
latter part of this chapter. The longest simple truss span is 668 ft. and is in the Municipal Bridge 
over the Mississippi River at St. Louis, Mo. The maximum practical length of simple span truss 
bridges made of carbon steel is about 550 feet; while with nickel steel it is practical to build simple 
truss spans up to 750 feet and economical to build simple truss spans up to 700 feet. The pro- 
posed Metropolis Bridge over the Ohio River will be a double track simple truss bridge with a 
span of 720 feet. 
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(a) (b) (c) (d) 


Fig. 2. Railway Steel Trestle. 
TABLE I. 


Data on Railroad Bridges Designed Under Common Standard (Harriman Lines) 

Specifications C. S. 1006. 


Single Track Bridges. | 

Double Track Bridges. 

Length 

of 

S^ji. 

Distance 
Center to 
Center of 
Trusses or 
Girders, 
Ft.-ln. 

Dist. C. to C. of 
Chords or B. to 

B. of Angies, 
Ft.-ln. 

No. of 
Panels. 

Total 

Weight, 

Lb. 

Length 

of 

Span, 

Ft. 

Distance 
Center to 
Center of 
Trusses or 
Girders, 
Ft.-ln. 

Dist. C. to C. of 
Chords or B. to 

B. of Angles, 
Ft.-ln. 

No. of 
Panels. 

Total 

Weight, 

Lb. 


Th 

rough Plate Gird< 

!rs 



Th 

rough Plate Girdt 

ITS 


30 

13-6 

4- oj 

3 

27,500 

50 

29“6 

8~oJ 

4 

142,000 

40 

15-6 

5- oh 

4 

41,900 

60 

29-6 

9 -oi 

5 

173,000 

SO 

15-6 

S- 8| 

5 

s6,6oo 

70 

29-6 

9 - 6 i 

6 

221,000 

60 

i6-o 

6- 4 i 

6 

79,600 

80 

30“O 

io-o| 

7 

277,000 

70 

16-6 

7 - oi 

7 

105,100 

90 

30-0 

10-6J 

8 

317,200 

80 

16-6 

8- 0} 

8 

132,300 






90 

16-6 

8- 6i 

9 

161,350 






100 

16-6 

9- 0} 

10 

198,500 







Deck Plate Girder 



Through Rivet Span 


20 

7-0 

I- 8 

3 

12,800 

100 

30-6 

30-0 

4 

360,000 

30 

7-0 

4- oh 

4 

14,900 

no 

30“6 

30-0 

4 

400,000 

40 

7-0 

4-11 i 

8 

23,800 

125 

30-^ 

31-0 

5 

472,600 

50 

7-0 

s-iii 

8 

34,300 

140 





60 

7-0 

6- si 

10 

47,500 






70 

8“0 

8- si 

10 

68,000 






80 

8—0 

8- 8| 

10 

87,800 






90 

9-0 

9- li 

12 

113,200 






100 

9-0 

9- 3 i 

12 

137,800 







1 Through Rivet Span 



Through Pin Span 


100 

16-6 

29“ 0 

4 

165,000 

150 

30“6 

33“0 

6 

633,000 

no 

16-6 

29- 0 

4 

185,000 

160 





125 

16-6 

30- 0 


220,000 

180 



• 


140 

17-0 

31“ 0 

6 

273,000 

200 

30“6 

40-0 

7 

932,200 

ISO 

17-0 

31- 0 

6 

311,000 







1 Through Pin Span 







ISO 

17-0 

31- 0 

6 

304,000 






160 

17--0 

32“ 0 

6 

348,000 






180 

17-0 

33- 0 

7 

417,000 






200 

17-0 

3 *-«c 38 

7 

485.000 
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A diagramatic sketch of a truss railway bridge is shown in Fig. I. The names of the different 
members are shown on the diagram. The floor may be carried on two or more stringers. Two 
stringers are commonly used for an open timber floor and two or four stringers for a ballasted floor. 

A railway steel trestle is shown in Fig. 2. Steel trestles are commonly built with the inter- 
mediate spans equal to twice the tower spans; 60 feet and 30 feet, and 80 feet and 40 feet being 
common lengths of span. 

Swing, movable, cantilever and suspension bridges will not be considered in this chapter. 
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Fig. 3. Weight of Single Track Deck Fig. 4. Weight of Single Track Riveted 
Plate CiiRDKR Spans, Concrete Ballast Deck Truss Spans. Chicago, Mil- 

Floor. Chicago, Milwaukee & St. waukee & St. Paul Ry. 

Paul Ry. 


WEIGHTS OF RAHrWAY BRIDGES. — The weights of railway bridges vary with the 
loading, the six'cifications, the span, the width, the type of floor, and with the design. The weights 
of the total structural steel in single track bridges of different types as designed and built by the 
Chicago, Milwaukee & St. Paul Ry. are given in Fig. 3 to Fig. 10, inclusive. 

Weights of single track plate girder spans as designed and built by the Illinois Central Rail- 
road are given in Fig. 1 1, Fig. 12 and Fig. 13; weights of single track through bridges are given in 
Fig. 14, weights of signal bridges are given in Fig. 15, and weights of single track draw spans are 
given in Fig. 16. Weights and other data for railway bridges designed by the Harriman Lines, 
under "Common Standard Specification 1006” (approximately equal to Cooper's E 55), are given 
in Table I. 

Weights of single track steel viaducts as designed by the McClintic- Marshall Construction 
Co. are given in Fig. 17. 
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For the relative weights of railway bridges built of carbon and of nickel steel, see paper 
entitled “ Nickel Steel for Bridges,” by Mr. J. A. L. Waddell, M. Am. Soc. C. E., printed in Trans. 
Am. Soc. C. E., Vol. 63, 1909. 
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Fig. 5. Weight of Single Track Through 
Plate Girder Spans. Type C4 (Flanges 
OF 2 Angles and Cover Plates, Two 
Stringers). Chicago, Milwaukee 
<& St. Paul Ry. 


Fig. 6. Weight of Through Plate Girder 
Spans. Type C3 (Flanges of 2 Angles 
and Cover Plates, Shallow Floor, 

4 Stringers). Chicago, Mil- 
waukee & St. Paul Ry. 


LOADS.— The dead load of a railway bridge is assumed to act at the joints the same as in a 
highway bridge. The dead joint loads are commonly assumed to act on the loaded chord, but 
may be assumed as divided between the panel points of the two chords, one-third and two-thirds 
of the dead loads usually being assumed as acting at the panel points of the unloaded and the 
loaded chords, respectively, see discussion of specifications in the last part of this chapter. 

The live load on a railway bridge consists of wheel loads, the weights and spacing of the 
wheels depending upon the type of the rolling stock used. The locomotives and cars differ so 
much that it would be difficult if not impossible to design the bridges on any railway system for 
the actual conditions, and conventional systems of loading, which approximate the actual con- 
ditions, are assumed. The conventional systems for calculating the live load stresses in railway 
bridges that have been most favorably received are: (r) Coopc'r’s Conventional System of Wheel 
Concentrations; (2) the use of. an Equivalent Uniform Load; and (3) the use of a uniform load 
and one or two wheel concentrations. In addition to these some railroads specify special engine 
loadings. The three methods will be briefly described. 

* For live loads for railway bridges in 1924, see latter part of this chapter. 
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Cooper*8 Conventional System of Wheel Concentrations. — In Cooper’s loadings two con- 
solidation locomotives are followed by a uniformly distributed train load. The typical loading 
for Cooper’s Class E 40, E 45, E 50, E 55 and E60, are shown in Fig. 18. The loads on the 
drivers in thousands of pounds and the uniform train load in hundreds of pounds are the same as 
the class number. The wheel spacings are the same for all classes. The stresses for Cooper’s 
loadings calculated for one class may be used to obtain the stresses due to any other class loading. 
For example, the live load stresses in any truss due to Cooper’s Class E 60 are equal to f of the 
stresses in the same truss due to Class E 40 loading. The E 50, E 55 and E 60 loadings are those 
most used for steam railways in the United States. In bridges designed for Class E 40 loading 
and under the floor system must in addition be designed for two moving loads of 50,000 lb. each, 
spaced 6 ft. apart on each track. The special loads for Class E 50 are 60,000 lb. with the same 
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Fig. 7. Weight of Single Track Deck Fig. 8. Weight of Single Track Deck 
Plate Girder Spans. Open Timber Floor. Plate Girder Spans. Timber Ballast 

Type A4 (Flanges of 6 Angles with- Floor. Type A4 (Flanges of 6 Angles 

OUT Cover Plates). Chicago, Mil- without Cover Plates). Chicago, 

waukee & St. Paul Ry. Milwaukee & St. Paul Ry. 

spacing. The American Railway Engineering Association has adopted Cooper’s loadings, except 
that the special loads are spaced 7 ft. The live loads used by several prominent railroads are 
given in Table XVI. The heaviest locomotives in use on American railroads as given in Bulletin 
No. 161, November 1913, of the Am. Ry. Eng. Assoc., by Mr. J. E. Greiner, Consulting Engineer, 
are given in Table II. The maximum stresses in terms of the maximum stresses for E 50 loading 
for spans between 100 ft. and 10 ft. are given in the last two columns. The ratios for spans 
greater than 100 ft. are less than for those given. The larger ratio is for short spans so that by 
increasing the special concentrated loads a bridge designed for an E 50 loading will safely carry 
the heaviest engines now in use. 
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TABLE II. § 

Heaviest Locomotives and Relative Stresses Produced for Spans of io ft. to ioo ft. 


Class. 

Engine Alone. 

Double Ileade 

r.* 

Weight 
per Ft., Lb. 

Prorwrtional 

Stress. 

Weight in 
1,000 Lb. 

Wheel 
Base. Ft. 

Propor- 

tional 

Weight. 

Weight in 
i,o<X 3 Lb. 

Wheel 
Base. Ft. 

From 

To 

Esot 

225.0 

23.00 

1. 00 

710.0 

104.0 

6,830 

1 . 00 

1. 00 

Atlantic 

214.8 

30.79 

.96 

728.4 

127.76 

5,700 

0.83 

1. 15 

Prairie 

244.7 

34-25 

1.09 

807,5 

132.92 

6,070 

0.88 

1.03 

Consolidation 

260.1 

26.50 

1. 16 

860.4 

131.81 

6,520 

0.99 

1. 14 

12 Wheel 

262.0 

27.08 

1. 17 

817.4 

130.15 

6,280 

1. 00 

1. 14 

Decapod 

267.0 

29 83 

1. 19 

802.0 

127.00 

6,320 

0.96 

1.07 

Pacific 

270.0 

35.20 

1.20 

865.4 

142.48 

6,070 

0.93 

1.08 

Mikado 

305.0 

35.00 

1.36 

960.0 

150.00 

6,400 

1.02 

1. 16 

12 Wheel Articulated t . 

3 . 34-5 

30.66 

1.49 

473-8 

64.56 

7,340 

0.98 

I-I5 

10 Coupled 

361.0 

43-50 

1.60 

1,074.0 

161.00 

6,670 

1. 00 

1.26 

20 Wheel Articulated! , 

478.0 

59.80 

2.12 

703.6 

99-70 

7,060 

1. 01 

1. 14 

16 Wheel Articulated! , 

493 0 

40.17 

2.19 

588.0 

82.58 

7^130 

1.26 

1-34 

24 Wheel Articulated! , 

616.0 

65.92 

2-74 

841.6 

105.82 

7 i 9 SO 

J-I 5 

1-33 

12 Wheel Electric Motor 

300.4 

38 so 

1-33 

600.8 

86.50 

6,950 

0.83 

0.98 

16 Wheel Electric Motor 

320.0 

+4.22 

1.42 

640.0 

102.84 

6,220 

0.84 

0.93 


* Weight and wheel base for articulated engines are given for one engine and tender, 
t Given for comparison, 
t Mallet Type. 

S Also see Table XVII. 
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Fig. II. Weights of Through Plate Girder Spans. 
Illinois Central Railroad. 
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Fig. 12. Weights of Through Plate Girder Spans. 
Illinois Central Railroad. 
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Fig. 13. Weights of Deck Plate Girder Spans. 
Illinois Central Railroad. 
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Fig. 14. Weights of Single Track Through Spans 
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Fig. 15. Weights of Signal Bridge^. 
Illinois Central Railroad. 



Fig. 16. Weights of Single Track Draw Spans. 
Illinois Central Railroad. 
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Fig. 17. Weight of Steel Viaducts. McClintic-Marshall Construction Co. 
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Fig. 1 8. Cooper’s Conventional Engine Loadings. 
(Loads for one track.) 


Equivalent Uniform Load System. — The equivalent uniform load for calculating the stresses 
in trusses and the bending moments in beams, is the uniform load that will produce the same 
bending moment at the quarter points of the truss or beam as the maximum bending moment 
produced by the wheel concentrations. The equivalent uniform loadings for different spans for 
Cooper’s E 40 loading are given in Fig. 19. The equivalent uniform loading for E 60 loading 
will be } the values for E 40 in Fig. 19. In calculating the stresses in the truss members select 



3par\ of bridge in Feet 

Fig. 19. Equivalent Uniform Live Load for Cooper’s E40 Loading. 
(Loads for one track.) 


the equivalent load for the given span, and calculate the chord and web stresses by the use of 
equal joint loads, as for highway bridges. In designing the stringers for bending moment take a 
loading for a span equal to one panel length, and for the maximum floorbeam reaction take a 
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loading for a span equal to two panel lengths. It is necessary to calculate the maximum end 
shears and the shears at intermediate points by wheel concentrations, or to use equivalent uni- 
form loads calculated for wheel concentrations. The calculated values of the moment, Af, 
shear, S, and floorbeam reaction, R, for Class E 6o are given in Table III. The equivalent 
uniform load method has been advocated very strongly by Mr. J. A. L. Waddell who has de- 
scribed its use in detail in his “De Pontibus.” Live load stresses as calculated by the method 
of equivalent uniform loads are too small for the chords and webs between the ends of the truss 
and the quarter points, and are too large between the quarter points. The stresses obtained 
for the counters are too large. The live load stresses calculated by the method of equivalent 
uniform loads are sufficiently accurate for all practical purposes. Even though the equivalent 
uniform load method is simple to apply and gives results which are sufficiently accurate, it is now 
seldom used. 

Unifonn Load and One or Two Excess Loads. — A uniform load is used and to provide for 
the wheel concentrations one or two excess loads are assumed to run on top of the uniform load. 
This method is now rarely used. In a paper entitled “Rolling Loads on Bridges,” published in 
Bulletin No. i6i, Am. Ry. Eng. Assoc., November 1913, Mr. J. E. Greiner, Consulting Engineer, 
found that thirty-eight of the thirty-nine most important railroads in the country used a system 
of wheel concentrations, and one road used a uniform load with a single excess load; the method 
of equivalent uniform loads was not used. 

MAXIMUM STRESSES. — The conditions of live loading for maximum stresses in beams 
and trusses are as follows. 

Uniform Live Load on Beam or Girder. — For bending moment the span should be fully 
loaded. For shear the longer segment of the span should be loaded. 

Equal Joint Loads. — For bending moment (chord stresses) the bridge should be fully loaded. 
For shear (web stresses in trusses with parallel chords) the longer segment of the truss should be 
loaded for maximum stress, and the shorter segment of the truss should be loaded for maximum 
counter stress (minimum stress). 

Point of Maximum Bending Moment in a Beam. — The maximum bending moment in a 
beam loaded with moving loads will come under a heavy load when this load is as far from one 
end of the beam as the center of gravity of all the moving loads then on the beam is from the other 
end of the beam. 

Wheel Loads, Bridge with Parallel Chords. — The maximum bending moment at any joint 
in the loaded chord will occur when the average load on the left of the section is equal to the 
average load on the entire s|>an. 

The maximum bending moment at any joint in the unloaded chord of a symmetrical Warren 
truss will occur when the average load on the entire span is equal to the average load on the left 
of the section, onc-half of the load on the jxincl under the joint being considered as part of the 
load on the left of the section. 

The maximum shear in any panel of a truss will occur when the average load on the panel is 
equal to the average load on the entire bridge. 

Wheel Loads, Bridge with Inclined Chords. — ^The criterion for maximum bending moment 
in a bridge with vertical p>osts is the same as for bridges with parallel chords. 

For web members the criterion is that 

PIL = P,(i -f am (I) 

where P = total load on the bridge; 

Pj ~ load on the panel in question; 

L =* span of bridge; 

I = panel length; 

a B distance from left abutment to left end of panel in question; 

e » distance from left abutment to intersection of top chord section of the panel produced 
and the lower chord. (The intersection is to the left and outside of the span.) 
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KINDS OF STRESS. — Bridges must be designed for the stresses due to (i) dead load; 
(2) live or moving load; (3) wind load; (4) snow load; (5) impact stresses; (6) temperature stresses; 
(7) centrifugal stresses, and (8) secondary stresses not taken into account in the calculations. 
In addition to the above it is necessary in determining the allowable stress in any member to take 
into account imperfections in materials and workmanship, possible increase in live loads, fatigue 
of metals, the frequency of the application of the stress, corrosion and deterioration of materials, 
etc. The structure should be so designed that no part will be ever stressed beyond the elastic 
limit. The allowable stresses for dead load are usually taken at about 60 to 70 per cent of the 
elastic limit; for an elastic limit of 30,000 lb., the allowable working stresses for dead loads alone 
would then vary from 18,000 to 21,000 lb. per sq. in. 

IMPACT STRESSES.~As a load moves over the bridge it causes shocks and vibrations 
whereby the actual stresses are increased over those due to the static load alone. It is shown 
in mechanics of materials that a load suddenly applied to a bar or beam will produce stresses 
twice the stresses produced by the same load gradually applied. A bridge is a complex structure 
and it is not possible to determine the exact effect of the moving loads. It has been found by 
experiment that the ultimate strength for repeated loads is much less than for dead loads. In a 
bridge it will be seen that the dead load is a fixed load and that the live load is a varying load. 

For stresses of one kind Professor Launhardt has proposed the following formula: 

(2) 

\ Max. stress / ' ' 

where P is the allowable working stress required, and S is the allowable working stress for live 
loads, varying from zero to the maximum stress. For stresses of opposite kinds Professor Wey- 
rauch has proposed the following formula: 

/ Min. stress \ , . 

- ^Max. stress ) ^ 3 ) 

where P and S are the same as for the Launhardt formula, the maximum and minimum stresses 
being taken without sign. For columns and struts the allowable stresses as given by formulas 
(2) and (3) arc to be reduced by a suitable column formula. 

There are three methods in common use for taking account of impact and fatigue; (l) Impact 
formulas; (2) Launhardt-Wcyrauch formulas, and (3) Cooper’s Method. 

(i) Impact Formulas. — The formula in most common use is given in the form 

'-*(LTi) <*> 

where I «= impact stress to be added to the .static live load stress, 5 = the static live load stress, 
L = the length in feet of the portion of the bridge that is loaded to produce the maximum stress 
in the member, and o and b arc constants expressed in feet. The American Railway Engineering 
Association specifics for railway bridges, a = b = 300 it. Mr. J. A. L. Waddell specifies a = 400 
ft., and b — 500 ft. for railway bridges; and a = 100 ft., and b = 150 ft. for highway bridges. 
For the names of several roads using A. R. E. A. impact formula, sec Table XVI. 

For highway bridges the American Bridge Company specifics that the maximum live load 
stress shall be increased 25 per cent to cover impact and vibration. 

Mr. C. C. Schneider, M. Am. Soc. C. E., specifies that for electric railway bridges 

/ = 5 • I5o/(L + 300) (5) 

In the Osborn Engineering Company’s 1901 specifications for railway and for highway 
bridges the impact is calculated by the formula 

7 = 5 . 5/(5 -h D) (6) 

* Also see discussion of 1924 specifications and A. R. E, A. 1920 specifications in last part of 
this chapter. 
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where 5 is the static live load stress and D is the dead load stress. This method is used by the 
Illinois Central R. R. 

(2) Launhardt-Weyrauch Formulas. — Formula (2) is used for determining the allowable 
stress for stresses of one kind and forniula (3) is used for determining the allowable stress for 
stresses of different kinds. This method is used in Thatcher's Specifications, in Common Standard 
Specifications (Harriman Lines), and specifications of Pennsylvania Lines West of Pittsburgh. 

(3) Cooper's Method. — Cooper uses formula (2) and calculates the area for the dead load 
and the area for the live load stress separately. For dead loads from formula (2) we have P ■= 2S, 
while for live loads the range of stress is from zero to the maximum, and P ^ S. 

For a reversal of stress Cooper designs the member to take both kinds of stress, but to each 
stress he adds eight-tenths of the lesser of the two stresses. 

IMPACT TESTS. — The American Railway Engineering Association has made an exhaustive 
series of tests to determine the effect of impact on railway bridges. The following summary is 
taken from the Proceedings of Am. Ry. Eng. Assoc., Vol. 12, Part 3. 

(1) With track in good condition the chief cause of impact was found to be the unbalanced 
drivers of the locomotive. Such inequalities of track as existed on the structures tested were of 
little influence on impact on girder flanges and main truss members of spans exceeding 60 to 75 
ft. in length. 

(2) When the rate of rotation of the locomotive drivers corresponds to the rate of vibration 
of the loaded structure, cumulative vibration is caused, which is the principal factor in pro- 
ducing impact in long spans. The speed of the train which produces this cumulative vibration is 
called the “critical speed.” A speed in excess of the critical speed, as well as a speed below the 
critical sfxjed, will cause vibrations of less amplitude than those caused at or near the critical speed. 

(3) The longer the span length the slower is the critical speed and therefore the maximum 
impact on long spans will occur at slower speeds than on short spans. 

(4) For short spans, such that the critical speed is not reached by the moving train, the 
impact percentage tends to'be constant so far as the effect of counterbalance is concerned, but 
the effect of rough track and wheels becomes of greater importance for such spans. 

(5) The impact as determined by extensometer measurements on flanges and chord members 
of trusses is somewhat greater than the percentages determined from measurements of deflection, 
but both values follow the same general law. 

(6) The maximum impact on web members (excepting hip verticals) occurs under the same 
conditions which cause maximum impact on chord members, and the percentages of impact for 
the two classes of members are practically the same. 

(7) The impact on stringers is about the same as on plate girder spans of the same length 
and the impact on floorbeams and hip verticals is about the same as on plate girders of a span 
equal to two panels. 

(8) The maximum impact percentage as determined by these tests is closely given by the 
formula 

, 100 


I -f 

20,000 

in which I = impact percentage and I = span length in feet. 

(9) The effect of differences of design was most noticeable with respect to differences in the 
bridge floors. An elastic floor, such as furnished by long ties supported on widely spaced stringers, 
or a ballasted floor, gave smoother curves than were obtained with more rigid floors. The results 
clearly indicated a cushioning effect with resf)ect to impact due to open joints, rough wheels and 
similar causes. This cushioning effect was noticed on stringers, hip vert icals and short span 
girders. 

(10) The effect of design upon impact percentage for main truss members was not sufficiently 
marked to enable conclusions to be drawn. The impact percentage here considered refers to 
variations in the axial stresses in the members, and docs not relate to vibrations of members 
themselves. 

(i i) The impact due to the rapid application of a load, assuming smooth track and balanced 
loads, is found to be from both theoretical and experimental grounds, of no practical importance. 

(12) The impact caused by balanced compound and electric locomotives was very small and 
the vibrations caused under the loads were not cumulative. 

(13) The effect of rough and flat wheels was distinctly noticeable on floorbeams, but not 
on truss members. Large impact was, however, caused in several cases by heavily loaded freight 
cars moving at high spe^s. 
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TABLE III. 

Maximum Moments, M; End Shears, S; and Floorbeam Reactions, R; Per Rail, for 

Girders. 

Cooper’s E6o Loading (A. R. E. A.). 

Loading Two E 6o Engines and Train Load of 6,000 Pounds per Foot or Special Loading 
Two 75,000 Pound Axle Loads 7 Ft. C. to C. 

Moments in Thousands of Foot-Pounds. Shears and. Floorbeam Reactions in Thousands of 
Pounds. 

Results for One Rail. Results from Special Loading marked*. A. R. E. A. Impact Formula. 
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152.8 

154.0 

IS 5 -I 

156.3 

157-3 

^5 

1201. 1 

1044-4 

122.5 

106.5 

Viaduct 


90 

4005.8 

3081.4 

205.8 

158.3 

46 

1244.4 

1078.9 

124.2 

107.7 

Span 

30^-60' 


91 

4084.4 

3133-8 

207.7 

IS 9-4 

47 

1287.9 

1113.4 

125.9 

108.8 


92 

4164.0 

3186.7 

209.7 

160.5 

48 

49 

13314 

1378.3 

1147.8 

1184.8 

127.5 

129.2 

109.9 

iii.l 

179.2 


93 

94 

4246.6 

4328.0 

3241.6 

3295-4 

2 X 1.6 

213.5 

161.5 

162.6 


Note. Impact in this table is 1910 , A. R. E. A. 
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TABLE III. — Continued. 

Maximum Moments, M; End Shears. S; and Floorbeam Reactions, R; Per Rail, for 

Girders. 

Cooper’s E6o Loading (A. R. E. A.). 


S^al 

Ft. 

Maximum 

Momenta 

M. 

Moment 

Impact, 

M'. 

End 
• Shear 
S. 

1 End 
Shear 
Impact 
S'. 

Floorbeam 

Reactijn 

R. 

Floorbeam 

Impact 

R'. 

Span 

L, 

Ft. 

Maximum 

Moments 

M. 

Moment 

Impact 

M'. 

End 

Shear 

S. 

End 

Shear 

Impact 

95 

4408.4 

3348.2 

215.4 

163.6 

Viaduct 


no 

5829.6 

4265-5 

243.0 

177.8 

96 

4490.7 

3402.0 

217.2 

164-5 

Span 


III 

5937*4 

4333*9 

244.8 

178.7 

97 

4573*5 

3456.0 

219.2 

165.6 

4o'-6o' 


112 

6040.0 

4398.1 

246.6 

179*5 

98 

4659.8 

3512.4 

221.2 

166.7 

197.2 


113 

6148.2 

4466.0 

248.3 

180.3 

99 

4743-8 

3566.7 

223.1 

167.7 



1 14 

6258.0 

4534.8 

250.0 

181.2 

100 

4830.0 

3622.5 

225.0 

168.8 

Viaduct 


115 

63^.8 

4602.5 

251.8 

182.0 

lOI 

4916.9 

3678.5 

226.8 

169.7 

Span 


116 

6478.0 

4671.6 

253.6 

182.9 

102 

5004.0 

3734-4 

228.6 

170.6 

4o'-8o' 


117 

6586.1 

4738.2 

255*3 

183.6 

T03 

511SS 

3808.1 i 

230.4 

171*5 

236.5 


118 

6696.6 

4806.1 

257.0 

184.4 

104 

5212.8 

3870.9 

232.3 

172.5 



119 

6808.3 

4874*7 

258.8 

185.3 

105 

5306.5 

3930.7 

234.1 

173*4 



120 

6921.6 

4944.0 

260.5 

186.1 

106 

5401.3 

3991. 1 

235*9 

174*3 



121 

7030.5 

5009.9 

262.2 

186.9 

i 107 

5499-2 

4053*4 

! 237*7 

1 175*2 



122 

7143.8 

5078.5 

264.0 

187.7 

108 

5617.0 

4I3O.I 

239*4 

176.0 



123 

7260.1 

5148.9 

265.7 

188.4 

109 

5727.6 

4201. 1 

241.2 

176.9 



124 1 

7376.4 

5219*1 

267.4 

189.2 








125 

7495-2 

5290.7 

269.1 

190.0 


CALCULATION OF STRESSES. — For the calculation of stresses in railway bridges, see 
the author’s ‘“The Design of Highway Bridges;” Johnson, Bryan & Turneaure’s “Framed Struc- 
tures,” Part I; Marburg’s “Framed Structures,” Part I; Spofford’s “Theory of Structures”; or 
other standard textbook. 

Moments, End Shears and Floorbeam Reactions. — The maximum bending moments and 
end shears, for Cooper’s E 6o, and A. R. E. A. special loadings, for girders up to 125 ft. span are 
given in Table III. The maximum moments occur at a point near the center of the girder. 
Maximum floorbeam reactions are given for stringers up to 40 ft. span. The table also gives 
the impact stress calculated for A. R. E. A. impact formula (4). 

The maximum moments, end shears, quarter-point shears, center shears, and maximum 
floorbeam reactions for girders up to 75 ft. span are given in Table IV. 

Moment Diagram., — A diagram giving the position of the wheels in Cooper’s E loadings that 
will produce maximum moment in a beam or at a panel point in a truss is given in Table Va. 
The condition for maximum shear in the first panel is the same as for bending moment at Li, 
which value may be obtained from Table Va. Other loadings for maximum shear must be cal- 
culated by means of the criterion given above. 

A moment diagram for Cooper’s E 60 loading is given in Table Vb, and brief instructions 
for use of the table are given on the page opposite Table Vb. 

Shears in Bridges. — Shears in the panels of the loaded chords of spans with 3 to 9 panels, 
for Cooper’s E 50 loading, are given in Table VI, Table VII, and Table VIII. To obtain the 
shears for E 60 loading multiply the tabular values by f. The stresses in the web members of a 
Pratt truss are equal to the shears X sec 0 , where 6 is the angle that each web member makes with 
a vertical line. The tables were calculated by the McClintic-Marshall Construction Company. 

Moments in Bridges. — Bending Moments in beams and girders and at points in the loaded 
chord of bridges, are given in Table IX and Table X. The bending moments for an E 60 loading 
will be equal to the tabular values X 

For example, the bending moment for an E 50 loading, at joint Li, in an 8 panel truss of 200-ft. 
span from Table X, is 6,787 thousand ft. -lb. For an E ^ loading the bending moment at joint 
Li is 6,787 X 6/5 = 8,145 thousand ft.-lb., which checks the value calculated from Table Vb 
on the page opposite Table Vb. The tables were calculated by the McClintic-Marshall Con- 
struction Company. 

Elevated Trestle Span Reactions. — The floorbeam reactions and the maximum reactions of 
the intermediate and tower spans of elevated railway trestles may be calculated from Table IX 
and Table X, as follows: 

Required the end reactions for a 40 ft. tower span and an 80 ft. intermediate span. Take a 
span eoual to 40 -f 80 « 120 ft., and calculate the bending moment at a point 40 ft. from the 
left end. In Table IX, take a 6-panel bridge with 20 ft. panels, the bending moment at Lt is 
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M * 5,255 thousand ft.-lb. Then the reaction, R ^ M X = AT X 3/80 = 5.255 X 3/80 

« 197.1 thousand lb. For E 60, i?i » RX 6/5 = 197.1 X 6/5 * 236.5 thousand lb., which 
checks the value in Table III. 


TABLE IV. 

Maximum End Shears, Quarter-Point Shears, Center Shears; Maximum Moments, and 

Floorbeam Reactions for Girders. 

Cooper’s E60 Loading (A. R. E. A.). 

Moments in Thousands of Foot-Pounds. Shears and Floorbeam Reactions in Thousands of 
Pounds. 

Results for One Rail. Results from Special Loading marked*. 


Sj^an 

Ft. 

End 

Shear. 

Quarter 

Point 

Shear. 

Center 

Shear. 

Maximum 

Moment. 

Floorbeam 

Reaction. 

Span 

L, 

Ft. 

End 

Shear. 

Quarter 

Point 

Shear. 

Center 

Shear. 

Maximum 

Moment. 

10 

*48.8 

30.0 

♦18.8 

* 937 

60.0 

45 

122.5 

75-3 

35.2 

1201. 1 

1 1 

•Si.l 

*32.4 

♦18.8 

*103.0 

65-5 

46 

124.2 

76.1 

35.6 

1244.4 

12 

*53-2 

*34-4 

♦18.8 

120.0 

70.0 

47 

125.9 

77.1 

36.0 

1287.9 

13 

55-4 

♦36.0 

*18.8 

142.5 

73-9 

48 

127.5 

78.2 

36-3 

133I.4 

14 

57.8 

*37-S 

19.3 

165.0 

78.2 

49 

129.2 

79-2 

36.8 

j 3 78.3 

15 

60.0 

♦38.8 

*20.0 

187.5 

82.0 

50 

130.8 

80.2 

37-2 

1426.3 

16 

63.8 

*39-9 

*21.1 

210.0 

85-3 

51 

132.5 

81.2 

37-8 

1474-7 

17 

67.1 

41. I 

*22. 1 

232.5 

88.2 

52 

134.1 

82.2 

38.3 

1522.8 

18 

70.0 

42.6 

*22.9 

255.0 

91.0 

53 

1357 

83.1 

38.7 

1571.0 

*9 

72.6 

43.8 

*23.7 

280.0 

94-3 

54 

1374 

84.1 

39.2 

1621.5 

20 

75.0 

45.0 

*24.4 

309.5 

98.3 

55 

139.0 

85.2 

39.6 

1675.2 

21 

77-1 

47.2 

*25.0 

339'0 

101.9 

56 

140.6 

86.3 

40.0 

1728.0 

22 

79- 1 

49.2 

*25.6 

368.5 

105.2 

57 

142.2 

87-3 

40.4 

1781.9 

23 

80.9 

50.8 

*26.1 

398.2 

108.2 

58 

143.8 

88.3 

40.8 

1834-5 

24 

83., 

52.5 

*26.6 

427.8 

1 10.9 

59 

145 4 

89-3 

41.3 

1891.4 

25 

85.2 

54.0 

*27.0 

457-5 

II3-5 

60 

147.0 

90.2 

41.8 

1949.4 

26 

87.1 

55-4 

*27.4 

487.2 

116.6 

61 

148.6 

91. 1 

42.3 

2007.5 

27 

88.9 

56.7 

*27.8 

516.9 

1 20. 1 

62 

150.2 

92.0 

42.8 

2064.3 

28 

90.6 

57-9 

*28.1 

5483 

123.4 

63 

152.0 

92.9 

43.2 

2123.4 

29 

92.3 

59.0 

*28.5 

582.0 

126.5 

64 

153-8 

93-8 

43-7 

2183.3 

30 

94.6 

60.0 

*28.8 

615.8 

129.4 

65 

1557 

94.7 

44-1 

2246.3 

31 

96.6 

61.2 

*29.1 

649.3 

132.7 

66 

157.5 

95.6 

44.6 

2309.3 

32 

98.6 

62.4 

*29.3 

683.2 

136.5 

67 

159.6 

96.5 

45.0 

2378.3 

33 

100.4 

63.6 

*29.6 

716.9 

140.0 

68 

161.7 

97-4 

45-4 

2435-4 

34 

102.1 

64.7 

*29.8 

750.6 

1432 

69 

163.8 

98.3 

45-7 

2498.4 

35 

103.8 

65.7 

30.3 

784.5 


70 

165.8 

99.2 

46.2 

2561.3 

36 

105.9 

66.7 

30.9 

823.0 


71 

167.7 

100. 1 

46.6 

2624.5 

37 

107.8 

67.5 

3I-S 

861.6 


72 

170.0 

lOI.O 

47-1 

2688.0 

38 

109.7 

68.3 

32.0 

900.0 


73 

172.2 

101.9 

47.5 

2750.9 

39 

1 1 1.4 

69.0 

32.5 

940.0 


74 

174-4 

102.8 

48.0 

2818.5 

40 

113.1 

70.2 

33.0 

983-4 


75 

176.5 

103.6 

48.4 

2888.6 

41 

115.2 

71.3 

33-5 

1027.0 







42 

1 17.2 

72.3 

33-9 

1070.4 







43 

1 19.0 

73-3 

34-4 

III3.9 







44 

120.8 

74-3 

34-8 

IIS7-4 
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TABLE Vb, 

Table for Cooper’s E6o Loading. 
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TABLE VI. 


Maximum Shears in Truss Bridges for Cooper’s E 50 Loading. 



Shears for Through Spans 
Cooper's E-50 Loading 

Shears In Thousands oF Founds For 
One Rail 


Humber 

of 

Panels 

in 

Bridge 

Panels 

Length oF Pane! 


IBl 




wm 

El 


IE 

IE 

El 

Bsai 

E 

E 

3 

LcL 

wm 

KB5 

ES9 

KBB 

ES 



BBB 



IE 

IE 

E 

lES 

4 

UL, 



7/3 

133^ 

733 

3/3 

K8S 

BS^ 

373 


El 

ES 

EIS 

IE 

Ldz 



3/-7 


333 

333 


QB 

-jf37 

lES 

IE 

BBB 




WSk 

■ei 

ES 

EQ 

IE 

Wk 

IBB 

EB 

//•7 


//•/ 

1533 

BBS 

Wk 

5 

LU, 

S9d 


3/3 

33^ 

333 

ms 

/OB-4 

WH 

IlhS 

///•/ 

///•i 

Wk 

El 

ggga 

L,Lz 

BPS 

3/3 

373 

//•/ 

60S 

3/*3 

634 

644 

664 


33-/ 

70-8 

7Z-4 

E 

ULs 

isag 

1 ^ 

1333 

1535 

K55 


IBB 


sz-s 
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S5-I 

358 

E 

6 

WA 

WSk 


iBsg 

ES 
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fSg 
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Wk 
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WSk 
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E9 
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W3!k 
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TABLE VII. 

Maximum Shears in Truss Bridges for Cooper’s E50 Loading. 
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TABLE VIII. 


Maximum Shears in Truss Bridges for Cooper’s E50 Loading. 
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TABLE IX. 

Maximum Bending Moments in Pratt Truss Bridges for Cooper’s Eso Loading. 
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TABLE X. 

Maximum Bending Moments in Pratt Truss Bridges for Cooper’s E50 Loading. 
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SHEARS AND MOMENTS IN A PLATE GIRDER BRIDGE.~The maximum shears 
and moments in an 86 ft. .span deck girder railway bridge are shown in Fig, 20. In calculating the 
maximum live load shears the girder was divided into sections about 7 ft. in length and the maxi- 
mum shears were calculated as in a truss bridge. The maximum bending moments were also 
calculated for the same points in the girder. The make-up of the tension flange and the rivet 
spacing is shown in Fig. 20. 

The stress diagram for a 60 ft. span single track deck plate girder bridge is shown in Fig. 21. 
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Fig. 20. Shears and Moments in a Railway Plate Girder. 


MATERIAL. — Open-hearth carbon steel complying with the specifications of the Am. Ry. 
Eng. Assoc, as given in the last part of this chapter is commonly used for bridges up to spans 
of 500 to 550 feet. For spans of more than 500 or 550 feet to about 650 feet carbon and nickel 
steel arc used, or nickel steel alone is used. For spans of 650 to 750 feet nickel steel alone should 
be used. For an exhaustive discussion of the use of nickel steel in the construction of bridges see 
article entitled “Nickel Steel for Bridges’' by Mr. J. A. L. Waddell, M. Am. Soc. C. E., in Trans. 
Am. Soc. C. E., Vol. 63, 1909. An excellent discussion of the design of large bridges is given in 
“ Design of Large Bridges \vith Special Reference to the Quebec Bridge” by Ralph Modjeski, 
Consulting Engineer, in Journal Franklin Institute, September, 1913. 

I ALLOWABLE STRESSES. — The allowable stresses on carbon steel as adopted by the Am. 
Ry. Eng. Assoc, are given in the s[>ccifications in the last part of this chapter. Out of 39 railroads 
in the United States 24 were using the Am. Ry. Eng. Assoc, specifications for allowable unit 
stresses in 1913. For additional data on unit stresses, see Table XVI. 
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ECONOMIC DESIGN OF RAILWAY BRIDGES. — Pin-connccted truss bridges have 
been used for railroads on account of the ease of erection, ease in calculating the stresses, and the 
simplicity of details which give small secondary stresses. The present practice in railway bridge 
design is to use plate girders for spans up to about 1 15 ft., and riveted truss bridges for longer 
spans; pin-connected bridges being used only for very long spans and for spans of 200 ft. and over 
where there is some special reason such as ease of erection or low cost. The author would recom- 
mend pin-connccted truss bridges for all spans of 200 ft. and over for the following reasons: — 
(i) the weight of a pin-connected truss bridge with eye-bars is less than the weight of a riveted truss 
bridge of the same span and capacity, and while the shop cost per pound of pin-connected truss 
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bridges is slightly higher than for riveted truss bridges, the total cost erected of the structural 
steel in the pin-connected bridge is less than the steel in the riveted bridge. (2) The pin-con- 
nected truss bridge can be erected in less time at a very much less cost than the riveted truss bridge. 
(3) The secondary stresses in the pin-connected truss bridge are smaller than in the riveted truss 
bridge and the structure is more efficient. (4) With the present ballasted floors the vibration 
and impact stresses are no greater in a pin-connected truss bridge than in a riveted truss bridge. 
Riveted tension members are difficult to design and are expensive of material and labor. Eye- 
bars are ideal tension members in which the material is used efficiently. For the above reasonc 
the author predicts that the pin-connected bridge for spans of 200 ft. and over will regain its 
place as a standard type of railroad bridge. 

The Pratt truss with parallel chords is used for pin-connected spans up to about 250 ft., 
while riveted truss spans are made with Pratt or Warren trusses; double and triple intersection 
trusses arc also used for riveted trusses. For long span bridges the subdivided Pratt truss with 
inclined chords (Petit truss) is generally used. The width center to center of trusses should not 
be less than one-twentieth of the span, and preferably not less than one-eighteenth. The height 
at the center should be from one-fifth to one-seventh of the span; the Municipal Bridge at St. 
Louis has a center height of one-sixth of the span. The height at the ends should be only sufficient 
for an effective portal. The most economical inclination of diagonals is very nearly 40 degrees, 
so that in a Petit truss the panel length should be about 0.42 times the height. For the most 
economical web system the panels should vary in length as the depth varies, but this increases 
the weight of the floor and also increases the shop cost and cost of erection, so that constant panel 
lengths are commonly used. One railroad specification requires that panel lengths shall not 
exceed 35 feet. For truss bridges of the Pratt type with two stringers and an open timber floor 
the present practice is to use a panel length of 22J to 27J ft., with 25 ft. as an average. Increasing 
the length of the panels increases the weight of the floor system, and decreases the weight of the 
trusses. The economical panel lengths for bridges with ballasted floor is less than for bridges with 
open timber floor. Riveted truss bridges with triple-intersection web members, Fig. 41, are 
made with very short panels. 

With the increase in the size of the sections in a bridge great care must be taken in detailing 
to use details that will develop the full strength of the members. Increased details increase the 
shop cost and for this reason there is a tendency for bridge companies to cut down details and to 
change details so as to simplify shop work even at the expense of added weight in order to obtain 
a low pound price. For this reason detail drawings, not necessarily shop drawings, should always 
be made by the designing engineer. The author has in mind a case where to change the details 
of a plate girder so that multiple punches might be used required the addition of details equal to 
5 per cent of the weight of the span and the addition of 25 per cent to the number of field rivets, 
with no increase in efficiency. It is needless to say the change was not made. 

An empirical rule for calculating the economical depth of plate girder spans is to make the 
area of the flanges equal to the area of the webs. The actual depths of plate girders are commonly 
slightly less than the depth given by the above rule. The minimum thickness of | inch for plate 
girder webs should be used only for stringers with short spans, and the thickness of the web 
should be increased as the span and depth of the girder increases. For the depths and spacing of 
plate girders designed under Common Standard Specifications 1006, see Table I. 

DETAILS OF RAILWAY BRIDGES. — It is very important that the details of railway 
bridges be worked out with great care. A few standard details will be briefly described. 

Sections for Chords and Posts. — Chord sections arc shown in (a) to (i) in Fig. 22. Sections 
(a) and (b) are used for light chords and (c), (d) and (e) for heavy chords. Sections (a) and (d) are 
also made by turning the angles in, as in section (i). Sections (f) to (i) are used for chord sections, 
for intermediate posts and for columns. Sections (n) and (p) to (t) are used for column sections. 
Chord sections, posts and columns with diaphragms or webs at right angles to each other as in 
(a) to (e), (n), and (p) to (t) give much better results under actual service than laced sections as 
in (f) to (i) and (o). Sections (j) to (m) and (o) are used for struts and braces. 
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Floors. — Bridges may have open timber floors as in Fig. 23, or ballasted floors as in Fig, 24, 
or in Fig. 25. For track elevation and for bridges crossing over streets, buildings, and similar 
locations and for ballasted floors, the bridge floor is waterproofed and the water falling on the 
floor is carried to the ground thiough properly arranged drains. 



r” I I I ’ I 

f) f) ft f) ft 



Fig. 22. Types of Columns and Top Chord Sections. 


Details of the standard timber floors used by the Southern Pacific R. R., the Union Pacific 
R. R. and other Harriman Lines are given in Fig. 23. For additional details of open timber floors 
see Fig. i and Fig. 2, Chapter VII. The American Railway Engineering Association in 1912 
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recommended that guard timbers be used on all open-floor bridges, also that guard rails be used 
on all bridges, and that the guard rails should extend at least 50 ft. beyond the end of the bridge. 
For additional details see Chapter VII, “Timber Bridges and Trestles.” 

Details of a ballasted floor with a reinforced concrete slab deck, and a ballasted floor with a 
timber deck, as designed and used by the Chicago, Milwaukee & St. Paul Ry. are given in 
Fig. 24. The reinforced concrete slabs are made either at the bridge site or at some other con- 
venient location and are hoisted into place after the concrete has gained sufficient strength. 

The Chicago, Burlington & Quincy R. R. uses reinforced concrete slabs for a ballasted deck 
on deck girders that differ from the Chicago, Milwaukee & St Paul slabs in Fig. 24, in the following 
details. The reinforced concrete slabs are 14 ft long in place of 13 ft.; and arc 5 ft. wide in place 
of 3 ft. 7 in. The top of the slabs and the edges of the slabs are painted with tar paint (made of 
16 parts coal tar, 4 parts Portland cement, and 3 parts kerosene). The edges of the reinforced 
concrete slabs are beveled and after the slabs are laid the joint between the slabs is packed with 
oakum for a depth of i in. at the bottom and the remainder of the joint is filled with i to 3 Portland 
cement mortar. Where the reinforced concrete deck is placed on a deck girder with cover plates, 
a strip of No. 22 gage lead 3 in. wider than the cover plate is placed on top of the cover plate and 
forced down over the rivet heads. After the slabs have been put in place and blocked up to the 
proper elevation the space between the lead sheet and the slab is filled with i to 3 Portland cement 
mortar. The minimuni thickness of the mortar joint is one inch. Cinders or slag are not used 
for ballast on reinforced concrete slab decks. 

A standard reinforced concrete floor for a through plate girder bridge as designed by the 
Chicago, Burlington & Quincy R. R. is shown in Fig. 25. The concrete is 1:2:4 Portland 
cement concrete. The upper surface of the concrete slab is painted with coal tar paint, the same 
as the deck slabs. Zinc sheets. No. 22 gage and 8 in. wide are placed on the tops of the floorbeams. 

A steel plate ballasted floor on a through riveted truss bridge is shown in Fig. 41. 

WATERPROOFING BRIDGE FLOORS. — ^The problem of waterproofing bridge floors is a 
difficult one and has been worked out in great detail by the engineers of many railroads, and by 
the American Railway Engineering Association. For a very full discussion of the problem, see 
the proceedings of the American Railway Engineering Association, especially Volume 14, 1913, 
and Volume 15, 1914. The following extracts from the report of a committee of the American 
Railway Engineering A^ociation presented at the annual meeting of the society in March, 1914, 
are of value. 

The methods of waterproofing are stated as follows: — 

“The ordinary methods of waterproofing are. 

“(i) Coatings: (a) Linseed oil paints and varnishes, (b) Bituminous; asphalt and coal tar. 
(c) Liquid hydrocarbons, (d) Miscellaneous compounds, (e) Cement mortar. 

“ (2) Membranes: Felts and burlaps in combination with various cementing compounds. 

“(3) Integrals: (a) Inert fillers, (b) Active fillers. 

“ (4) Watertight concrete construction'* 

The conclusions reached in the report are as follows: — 

“ (i) Watertight concrete may be obtained by proper design, reinforcing the concrete against 
cracks due to expansion and contraction, using the proper proportions of cement and graded aggre- 
gates to secure the filling of the voids and employing proper workmanship and close supervision. 

“ (2) Membrane waterproofing, of either asphalt or pure coal tar pitch in connection with felts 
- and burlap>s, with proper number of layers, go^ materials and workmanship and good working 
conditions, is recommended as good practice for waterproofing masonry, concrete and bridge floors. 

“ (3) Permanent drainage of bridge floors is essential to secure good results in waterproofing. 

“(4) Integral methods of waterproofing concrete have given good results. Special care is 
required to properly proportion the concrete, mix thoroughly and cicnosit properly so as to have 
the void-filling compounds do the required duty; if this is neglected tnc value of the compound is 
lost and iti waterproofing effect is destroyed. Careful tests should be made to ascertain the 
proper proportions and effectiveness of such compounds. Integral compcainds should be used 
with caution, ascertaining their chemical action on the concrete as well as their effect on its 
strength; as a general rule, integral compounds are not to he recommended, since the same results 
as to watertightness can be obtained by adding a small percentage of cement and properly grading 
the aggregate. 
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**(5) Surface coatings, such as cement mortar, asphalt or bituminous mastic, if properly 
applied to masonry reinforced against cracks produced by settlement, expansion and contraction, 
may be successfully used for waterproofing arches, abutments, retaining walls, reservoirs and 
similar structures; for important work under high pressure of water these cannot be recommended 
for all conditions. 
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Fig. 25. Reinforced Concrete Floor for Through Plate Girder Bridge. 

C. B. & Q. R. R. 


“ (6) Surface brush coatings, such as oil paints and varnishes, are not considered reliable or 
lasting for waterproofing of masonry.” 

The membrane method of waterproofing bridge floors will be shown by describing the standard 
methods of waterproofing in use by two railroads. 

CHICAGO, MILWAUKEE & ST, PAUL RY. SPECIFICATIONS FOR WATERPROOFING. 
The specifications of the Chicago, Milwaukee & St. Paul Ry. for waterproofing are as follows. 

The necessary provision for drainage and expansion must be made in designing the structure. 
The waterproofing should never be comfXillcd to resist hydrostatic pressure, and the membrane 
should always be protected by a layer of concrete. 

(1) Preliminary. — Fill all openings and pockets in the concrete except expansion joints 
with cement mortar, and round off all sharp corners. Wherever waterproofing stops on a vertical 
surface the end should be flashed into a groove in the concrete. 

(2) Preparing the Surface. — Thoroughly clean and dry the concrete surface using wire 
brushes and being careful to remove all the laitance. If necessary use hot sand to flry the con- 
crete. Apply a coat of gasolene to the clean dry surface and follow with a coat of cold primer, 
spreading the primer evenly with a brush. Omit the primer where tar paper is to be placed and 
over expansion joints. 

(3) Lajring the Burlap. — After the primer coat has completely dried, apply a coat of pure 
hot asphalt, and mop until the layer has a thickness of i in. While the asphalt is still hot begin 
laying the burlap. Lay the first strip of burlap transverse to the drainage at the lowest point. 
Lay the strips shingle fashion, as for tar and gravel roofs, and parallel to the first strip working 
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up to the summit and exposing one-third of each width of burlap to the weather. Press each 
strip firmly into the asphalt, then mop well with pure melted asphalt taking care to thoroughly 
saturate the burlap and to fill all cracks and blow holes. Lap the joints in the strips 6 in. On 
this three-ply layer of burlap spread a continuous layer of hot asphalt mopping well until a layer 
of i in. is obtained. See (f) Fig. 26. 

(4) Summit Joints. — After the work has been brought up to the desired point from both 
sides, interlap in order the strips which reach across the joint, mopping asphalt between burlap 
surfaces. Place a strip of burlap along the joint for a closing strip; and complete by laying the 
upper i in. of asphalt as before described. See (g) Fig. 26. 

(5) Longitudinal Joints. — If possible the waterproofing should be laid in one run the full 
width transverse to the drain slope of the surface to be waterproofed. The ends of T:he burlap 
strips should be flashed into recesses in the walls, curbs or parapets as shown in (e) Fig. 26. Where 
longitudinal joints are necessary cut the burlap long enough to extend 12 in. beyond the primed 
and asphalted surface of the concrete and use care as the strips are laid that the 12 in. strip is 
kept free from asphalt. When the succeeding section is to be waterproofed fold back the projecting 
strips of burlap over the completed waterproofing and bring the new up against the completed 
portion of the waterproofing, interlappiug the projecting ends of the burlap with the new burlap 
as the work progresses, (f) Fig. 26. On concrete trestle or subway slabs longitudinal joints in 
the waterproofing should preferably be on the center line of the slabs. If it is necessary to place 
joints in the waterproofing over joints in the slabs special care should be taken. 

(6) Expansion Joints. — Lay two continuous strips of tar paper 36 in. wide over the expansion 
joint, being careful to scelhat no asphalt gets between or under the two strips of tar paper. Then 
mop the top strip with hot asphalt and carry the waterproofing over the top of the paper the 
same as if no joint existed. See (b) and (h) Fig. 26. 

(7) Concrete Protection. — After the | in. layer of asphalt on top of the burlap has become 
cold, spread a | in. layer of concrete evenly over the surface. Then press a layer of expanded 
metal into the concrete, and cover the metal with a layer of concrete | in. thick making the total 
thickness of the concrete in., and trowel the concrete smooth. Protect the concrete from the 
sun for 24 hours after laying. The joints in the expanded metal should be lapped 6 in. See (d) 
Fig. 26. 

(8) Materials. — Burlap, — The burlap is to be treated 8 oz. open mesh furnished in widths 
of 36 in. to 42 in. 

Concrete, — The concrete is to be i part Portland cement, 2 parts torpedo sand, and 3 parts 
stone or gravel that will pass a J in. ring. 

Mortar, — The mortar is to be i part Portland cement and 2 parts washed torpedo sand. 

Primer, — The primer is made by pouring hot asphalt in 80 per cent gasolene until mixture 
will spread readily with a brush. 

Asphalt. — Pure asphalt conforming to accepted specifications is to be used. Before using 
the asphalt heat it in a suitable kettle to a temperature not exceeding 450*^ F. The temperature 
is to be taken with a thermometer. Asphalt heated above 450 degrees F. or giving off yellow 
fumes is to be discarded as overheated. 

Expanded^ Metal. — The expanded metal is to be equivalent to Northwestern Expanded 
Metal Co’s. “2I in. No. 16 Regular” expanded metal. 

Tar Paper. — The tar paper will be furnished in rolls 36 in. wide. 

CHICAGO, BURLINGTON & QUINCY R. R. SPECIFICATIONS FOR WATERPROOF- 
ING. — The specifications of the Chicago, Burlington&Quincy R. R. for waterproofing arc as follows: 

(1) Description. — The waterproofing shall consist of a mat of 4-ply of burlap and i-ply of 
felt thoroughly saturated and bonded together with waterproofing asphalt and covered with one 
inch of sand and asphalt mastic. 

(2) Preparing the Surface. — The surface of the concrete shall be smooth, clean and dry. 
UpMDn this surface apply a coat of primer, which shall be thin enough to penetrate the concrete 
and form an anchorage for the waterproofing. No waterproofing shall he done when the temperature 
is less than 60 degrees F. 

(3) Applying the Burlap. — After the priming coat has dried, a heavy coat of waterproofing 
asphalt heated to a temperature of aoo degrees F. shall be applied with mops the width of the 
burlap, and while the asphalt is still hot a layer of burlap shall be bedded in it. The burlap 
shall be laid just behind the mopping and shall be swept free from folds and pockets with a broom. 
The surface of the burlap shall be heavily mopped with waterproofing asphalt. Three more ply 
of burlap shall be laid in the same manner, making a 4-ply burlap mat all thoroughly saturated 
and bonded together. 

The top of the burlap mat shall be heavily mopped with asphalt and one layer of felt saturated 
with asphalt shall be laid on the burlap and the edges of the felt lapped at least 3 inches and sealed 
with asphalt. The top of this felt shall also be mopped with waterproofing asphalt. 

(4) Mastic Protection. — The burlap and felt mat shall be covered with one inch of asphalt 
mastic laid in one layer, the mastic to be composed of one part waterproofing asphalt and four 
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parts fine gravel graded from i in. to fine sand. The top of the mastic shall be leveled off with 
wooden floats and mopped with waterproofing asphalt. 

(5) Expansion Joints. — At all expansion joints in the concrete a fold to allow for the ex- 
pansion of the structure shall be formed by laying the burlap and felt over a one-inch pipe; the 
pipe being removed as the mat is being completed. 

(6) Splices and Flashing. — Where the work is stopped before being completed at least 3 feet 
of burlap at the end and one-half the width of the burlap at the side shall be left exposed to form a 
splice. 

Special care shall be taken to seal the waterproofing at the sides and ends of the bridge. The 
burlap and mastic shall be carried up the parapet walls at the sides and the ends of the burlap 
shall be concreted into a recess in the walls so that no water can enter. The burlap shall be 
carried down over the back-walls at the ends of the bridge to cover all construction joints and 
shall run into a line of tile to facilitate the escape of the water. 

(7) Materials. — Burlap . — The burlap is to be 8 oz. open mesh high grade burlap saturated 
with an asphalt meeting the specifications for waterproofing asphalt. It shall come in rolls 
which shall be placed on end for shipment and storage, and shall not stick together in the roll. 

Felt . — The felt shall be a good quality of wool felt saturated and coated with an asphalt 
meeting the specifications for waterproofing asphalt. It shall come in rolls which shall be placed 
on end for shipment and storage, and shall not stick together in the roll. It shall not weigh less 
than 15 lb. per 100 sq. ft. 

Primer . — The primer shall be an asphaltic compound of approved quality and capable of 
adhering firmly to the concrete. 

Waterproofing Asphalt . — The waterproofing asphalt shall meet the following requirements. 

1. The specific gravity of the asphalt desired shall be greater than 0.95 at 77 degrees F. 

2. The flowing point shall not be less than 100 degrees F. nor more than 140 degrees F. 

3. The flash point shall not be lower than 450 degrees F. 
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Fig. 26. Standard Method of Waterproofing Bridge Floors. C. M. & St. P. Ry. 


4. The penetration at 80 degrees F. for a period of 30 seconds shall be at least 15 millimeters 
and must not exceed 20 millimeters. This penetration to be measured with a Vicat needle weighing 
300 grams, one end being one millimeter in diameter for a distance of 6 centimeters. 

5. When heated to a temp)erature of 325 degrees F. for 7 hours the loss in weight shall not 
exce^ 2 per cent and the penetration of the residue at 80 degrees F. and for the period of 30 
seconds using the same instrument as described above shall not be reduced more than 50 per cent. 

6. The total soluble in carbon bisulphide shall not be less than 99 per cent. 

7. The total soluble in 88 degree naptha shall not be less than 70 per cent. 

k The total inorganic matter or ash shall not exceed one per cent. 

9. Cold Test. 

a. A cube of the asphalt one inch on edge shall be soft and malleable at a temperature of 
zefx> degrees F. 
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b, A film of the asphalt having a thickness not less than A inch shall be so pliable at zero 
degrees F. that it can be bent in a radius of 2 inches. The total time consumed in the bending 
of this film shall not exceed 3 seconds. 

10. The asphalt shall not be affected by any of the following solutions, after being immersed 
in them for a period of 3 days: — (a) a 25 per cent solution of sulphuric acid; (b) a 25 per cent 
solution of hydrochloric acid; (c) a 20 per cent solution of ammonia. 

FLOORBEAM CONNECTIONS. — The details of floorbeam connections depend upon the 
clearance, depth of truss, length of panels and type of floor. A standard type of floorbeam con- 
nection for a pin-connected truss of 150 ft. span is shown in Fig. 28, and details of the lower lateral 
connection are shown in Fig. 27. Details of a floorbeam connection for a pin-connected truss with 



four stringers is shown in Fig. 29. Details of a floorbeam for a riveted truss bridge are shown in 
Fig. 40. Details of an end floorbeam are shown in Fig. 40. Details of the standard end floorbeam 
of the A. T. & S. F. Ry. are shown in Fig. 30. The end floorbeam in Fig. 30 is supported directly 
on the end pin, and gives a very satisfactory solution of a difficult problem and requires the driving 
of a minimum number of field rivets. 

PEDESTALS AND SHOES. — Details of standard cast steel pedestals and shoes as designed 
by the Chicago, Milwaukee & St. Paul Ry. arc shown in Fig. 31, Fig. 33, and Fig. 34. Details 
of segmental rollers are shown in Fig. 32, and Fig. 35. Details of expansion bearings for plate 
girders are shown in Fig. 36, and Fig. 37. Details of a built-up end shoe with circular rollers 
are shown in Fig. 40. Details of a built-up end shoe and segmental rollers are shown in Fig. 41. 

EXAMPLES OF PLATE GIRDERS. — Details of an 85‘ft. span single track deck railway 
plate girder bridge as designed for the Kansas City, Mexico & Orient R. R., by Mr. Ira G. 
Hedrick, Consulting Engineer, are shown in Fig. 36. The upper flanges are made of four angles 
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without cover plates, so that the ties may be of uniform thickness and there will be no rivet heads 
to interfere with placing the ties. The lower flanges are made of angles with cover plates. These 
plans represent the most modern practice in the design of deck plate girder railway bridges. 



Details of a 6o-ft. span single track through railway plate girder bridge as designed for the 
Uarriman Lines arc shown in Fig. 37. The details of the bearings arc shown. Rollers are used 
for the expansion ends of spans of 73 ft. and over. Data on standard plate girder bridges designed 
under Common Standard Specifications 1006 arc given in Table I. 

EXAMPLES OF TRUSS BRIDGES.— The marking diagram for a truss railway bridge is 
shown in Fig. 28a. The lower chord joints are marked To, Li, La, etc., while the upper chord 
joints are marked Uu Ih, etc. In detailing a truss an inside view of the left end of the farther 
truss is shown; this is marked right as shown. Details of a single track through riveted truss 
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Fig. 31. Pedestals. Chicago, Milwaukee & St. Paul Ry. 
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Fig. 33. Shoe Details. Chicago, Milwaukee & St. Paul Ry. 
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Fig. 34. Shoe Details. Chicago, Milwaukee & St. Paul Ry. 
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bridge designed for the Kansas City, Mexico & Orient R. R., by Mr. Ira G. Hedrick, Consulting 
Engineer, are shown in Fif . 39 and Fig. 40. The end-posts and top chords are made of two 15 
inch channels with a cover plate, and the lower chords, the posts and the main ties are made of 
two channels with the flanges turned in. The total weight of the steel in the span was 303,000 lb. 



Turned Fin, 
driyin^ Fif-, with 

Roller Nest shoulder shown* 


Fig. 35. Details of Segmental Rollers for Girders. 
Chicago, Milwaukee & St. Paul Ry. 


Details of a double track through riveted truss bridge designed for the Chicago & North- 
western Ry. arc given in Fig. 41. The bridge has a span of 170 ft., the trusses are spaced 29 ft. 
I in. centers, and the bridge has a vertical clearance of 22 ft. 6 in. This bridge has trusses with 
triple intersection webs, and has a ballasted track carried on a steel plate trough floor. This 
bridge was designed for a dead load of 4,570 lb. per lineal foot for each truss and an F:. 50 live load. 
There is a top lateral system of multiple X-bracing made with pairs of angles latticed, and sway 
bracing of transverse top chord struts and portals. 

Detail shop drawings of the end-post of a pin-connected truss bridge are given in Fig. 8, 
Chapter XII, and the detail shop drawings of the end section of the top section of the top chord 
of the same bridge are given in Fig. 9, Chapter XII. 

Details of a single track pin-connected truss bridge designed by Mr. Ralph Modjeski for the 
Northern Pacific K. R. are given in Fig. 44, Fig. 45 and Fig. 46. 

SPECIFICATIONS FOR RAILWAY BRIDGES.*--To determine the present practice in 
the design of railway bridges the author has made a stu<ly of the latest available specifications. 
As a basis for comparison the sixteen s{x?cifications given in Table XI, were selected as being 
representative of the l>est practice. Several other prominent railroads have adoi)ted the sj eci- 
fications of the American Railway Engineering .Association, so that the sixteen specifications cover 
the major part of the railroad mileage in North America. The standard specifications of the 
Chicago, Milwaukee and St. Paul Ry., the New York, New Haven and Hartford R. R., and 
the Canadian Society of Civil Engineers, all adopted in 1912, are based on the standard speci- 

* For review of railway bridge specifications in 1924, see latter part of this chapter. 













Fig. 37. Through Plate Girder Bridge. 
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Fig. 41. Design for 200 Ft. Span Truss Railway Bridge. 
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fications of the American Railway Engineering Association; the specifications in each case differing 
from the sf)ecifications of the American Railway Engineering Association only in requirements 
for clearances, and in minor clauses, and clauses required to cover individual practice, and local 
conditions of the individual roads. 

TABLE XI. 

Railway Bridge Clearances 
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J9Y 


776“ 


6‘ Chi Rock Island Si PacRR'y 1900 

73'-6" 


14-0“ 

7-0“ 

1170“ 

7876" 


470“ 


7- Common Standard, 1909 


B4V 

13-0“ 

6'-0“ 

mo" 


1970“ 


470" 

8- Cooper, 1906 


BFO" 

I4F“ 




/F'O" 


770“ 

9‘ Illinois Central, 1911 

7BY 


76-0" 

8Y 

/J70" 

'W' 


4Y 


10' Kan-City, Mexico d Orient, 1907 


BFO" 

I3'0“ 

7-'0" 

1/70“' 


1970“ 



ll-Lehiiih Mey. 1911 



14-0’^ 

6F)“ 

1/70“ 

1870“ 


Wk 


//• New York Central 1910 

BZ-F 


I5'0“ 

8-0“ 

HY 

1370" 


Wk 

iHH 

15 NewYorkyNewHam deHart Ford, 
( In Canada) 191 l 

BB-'9‘ 


l6'-0" 

sV 

/JV 

1870’ 

■ 


■ 

id PennaLines dFestoF Fitfskrgk, 1906 


B/V 

/4-'0“ 

6-0" 

JO-'O" 


wm 

IH 

Wk 

i5‘ National Lines oF Mexico, 1907 


7F-0" 

IFO" 

6-0“ 

1/70“ 


loY 


470’ 

i 6- Canadian Society CmIFnHneers, 1917 


Bcr 

16-0" 

770“ 

1076“ 


1776“ 


373 " 








'WWW 


lE-b 


^ c. 






Wvkkxw 


I i. 




"”X ^ 


“-.T- fc ; i 


' -i- ! ‘ 

. 




JL 


Vjl 


}<_ _ _ ^ f:PP TcPfpA . ->j 


,-± 


I 

! I 


_A= T^fpJLenjfh of Cpr »..>J 

L = Total Length oF Span 

Fig. 47. Clearance Diagram. 


The present practice is to use the sp)eci fications of the American Railway Engineering Associ- 
ation as a basis for specifications and to add such additional clauses as may be necessary to cover 
the practice of the individual railroad. Several railroads have adopted thq-specifications of the 
American Railway Engineering Association and issue supplementary instructions to cover their 
individual practice; see standards of Chicago, Milwaukee & St. Paul Ry. which follow the 
A. R. E. A. specifications in this chapter. The specifications of the American Railway Engineering 
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Association are reprinted in the last part of this chapter. To show the present practice in the 
design of railway bridges as given in the sixteen different specifications the most important vari- 
ations from the American Railway Engineering Association Specifications will be briefly discussed. 
The sections in the specifications of the American Railway Engineering Association will be referred 
to by number. 

§2. Clearances.~rThe clearances for through single track bridges on tangent are given in 
Table XI. The clearances on curves differ considerably. Standard formulas for calculating 
bridge clearances on curves are as follows: 


Nomenclature, Fig. 47: — 

D — degree of curve 
R = radius of curve, in feet 
w = clearance width on tangent 
a = mid-ordinate to chord of length A 
b = mid-ordinate to chord of length B 
c — mid-ordinate to chord of length L 
e — amount of superelevation in feet which is 
taken up in floor of span 
h — height of car or distance from top of upper 
flange or chord, whichever is least 
s = additional clearance required on account 
of superelevation 

G — outside clearance from center line of bridge 
H = inside clearance from center line of bridge 


Formulas: — 
CL = (nearly) = 




8 X 5730 

= .00002 18 1 7.4* •£> 


h = .00002 1 81 7 52 -D 
c = .00002 i j L^‘D 
6 

s = - X h = 0 . 26 ' h (c. to c. rails 

= 5 ft. nearly) 


w 

G = - -f a 
2 


6 + 1 


TT ^ I I ^ J 

2 2 

For Standard Car 
A = 8o'-o" B = 6o'-o" 

a = 0.1396D 
b = .07854Z) 
w 

G = j + (.06 1 (x; -f .ooooIv>909L*)Z> 
w 

H ~ + (-07854 -f .00001 0909 L^)P 


+ 0 . 26 'h 


The following specifications indicate the present practice of several railroads. 

New York Central Lines. — Single-track through bridges on curves shall have the location of 
the trusses or girders and the width between clearance lines as shown in Figs. 48 and 49. 


CUARANCe 

CBHTER LM. !LQF_rifACK 

- 

Clearance ^ Line 
LEN6TN OE Span 


Fig. 48. 


Clearance Line- 


_CENTEf^L/NE ^ Tpacp- 
^ . 

' Cl earance'^ L ine - ^ 



LEN6TH OF Span 


Fig. 49. 


W — lateral clearance from center line of track required by clearance diagram for tangent aline 
ment. 

M *= middle ordinate of curve for a chord equal to span length. 

X = addition for overhang of a car 85 ft. long, with trucks 60 ft. c. to c.; to be taken as one inch 
for each degree of curve. 

Y « addition in inches (on the inside of the curve only) on account of the superelevation of the 
outer rail, to be taken as follows: 

For heights from 15 ft. to 22 ft. above the top of rail; F = 3 inches per inch of superelevation. 

For heights from 3 ft. 9 in. to 15 ft. above top of rail; Y — S'lifs (to use with W — 7 ft. 
6 in.). 

For heights from top of rail to 3 ft. 9 in. above; Y = 5 {h -f i.5)/4. 

s ™ superelevation in inches. 

h — height above top of rail in feet 
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Cooper* s Specifications , — The additional clearance for curves is to be as follows; 0.85D 
=* inches on each side; i,yoD = inches ^tween track; where D * degree of curve. 

N, F., N, H,& H, R. R . — The additional clearances on curves will be as follows: 1,00 X D 
=* inches on each side; i.ysD = inches between tracks, where D = degree of curve. 

Types of Bridges. — The present practice is to use plate girders for spans up to no or 120 ft., 
riveted trusses for spans of from 100 to 200 or 250 ft., and pin-connected trusses for spans of 
about 200 ft. and upwards. Riveted truss bridges of 300 and 400 ft. span are not uncommon. 
The types of bridges and minimum lengths of span as given in twelve specifications are given in 
Table XII. 


TABLE XII. 

Types of Bpidses ahd lengths of Span- 


SpeciF/cafion 

Rolled 

Beams 

Ft 

Plate 

Cinders 

Ft. 

Riveted 

Tfvsses 

FF 

FinComtected 

Trusses 

FF 

2- ATSi 5-FRy System, 1902 

Z6foS4 

20 to too 

loetoiso 

150 and up 

i* Baltimore Ft Ohio^ 1904 

so 

SOtoHO 

lOOtolBO 

150 and up 

6' Chh,Rock Island ^ Pdc FFJ906 

19 

witMmm 

mmi 


T Common Standard, 1909 

19 

WNMmm 

w/amimm 

\SSE33BSl 


20 





2! 



ISSESSiBS 

XtO- Kansas Cfty,tdexicoF0rienfJ907 

20 


WOtoZSO 

250 and up 


wem 


HO to 160 

ISOandup 


mm 


HO to 180 

180 and up 

IdPenna- Lines iVesfoFPiffskor^hJOOO 




BSOand up 

IS -National Lines oF Mexico, 1907 

so 

25 to 80 



irOefximentoFPailways oFCmdaJSCi 

18 


too to 200 



§3. Spacing of Trusses. — The present practice is not to put requirements for spacing of 
trusses, lengths of span, types of bridge, etc., in the specifications but to prepare office standards 
for the use of engineers and draftsmen. Data on spacing stringers, girders and trusses are given 
in Table XIII. The spacings for Illinois Central R. R. deck girders are given in Figs, ii, 12 and 
13, and of Common Standard Bridges in Table I. 

The Chicago, Milwaukee and St. Paul Ry. spaces girders 7 ft. 6 in. west of the Missouri 
River, and 8 ft. east of the Missouri River, The Northern Pacific R. R. spaces stringers 8 ft. 
for spans of 150 to 200 ft. ; and deck girders 8 ft. for 80 ft. spans. 

§5. Ties. — The present practice is to calculate the size of stringers for the specified fiber 
stress. Fifteen specifications require that the wheel load be considered as carried by three ties, 
and one specification by four ties. Data on ties are given in Table XIV. 

The Illinois Central R. R. uses tics on deck girders as follows: 


Deck Spans. 

Distance Centers. 

Tics. 

6o ft. and under 

7 ft. 

8 in. X 8 in. X lo ft. 

6o ft. to 8o ft. 

8 ft, 

8 in. X 10 in. X I 2 ft. 

8o ft. to 100 ft. 

oft. 

10 in. X 10 in. X 12 ft. 

loo ft to I lo ft. 

9i ft. 

10 in. X 12 in. X I 2 ft. 


§6. Delid Loads. — Data an dead loads are given in Table XV. 
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TABLE XIII. 

Spacing of Gjpdfps and Trusses 


SpecfF/cdtfon 

Oirders 

Trusses 

Stringers 

Deck Girders 

Deck 

Through 

I-Americdf? Ry Eng- Assoc-, 1910 


Span/ZO 

Span/ZO 

Span/ZO 

5- Baltimore & Ohio 1904 


not less than 6-6" 

not less than lOiQ" 


& Chicago, Rock ishnJlffhc- R-R, 1906 

JlO" 

up to soft, 7-0" 
(>0FftoS0Ff;P0" 


Span/ZO 

7' Common Stanch arc/, 1909 

PO" 

up to eO Ft; 7-0" 
JOFttoSOFt; PO" 
SO Ft to too Ft; IPO' 

lOOFttollOFtlO'd 

IIOFttol30Ft;l7-'l7 

l50Fttol90Ft,l4P 

■ 

S' Cooper, 1906 

6-r 

not less than 6'6'' 



9- Illinois Central 1911 

4strii/gers 
spaced Z- 6'" 

up to 60 Ft, 7-0" 
60'FttoSOFt, po" 
SOFttolOOFt, PO" 
lOOFttollOFt, PP 

lOOFttollOFt; IPO' 
IIOFttoBOFt;l2-0" 
B0Fttol90FM4-'0‘ 

■ 

IO‘KdnsCityfh1exico& Orient, 1907 

7-'0" 

up to 80 Ft, 7 I 0 " 
over SO Ft, Si O'' 


Span/ZO 

H- Lehigh Valley, 1911 

P6" 

up to 7S Ft, P6" 
79 Ft to too Ft; P0‘ 
mFttol75Ft;lPfoP) 


■ 

12 He IV York Central, 1910 

PC 

up to 79 Ft, P6" 
over 75 Ft, 7-6" 


5pan/l5 

Id-PennaUnesBiestoFPithhimghlOOS 

Pe: 

For 4 stringers 
outer pair 7’ Ol^^ 
inner pairS-V' 

6-6" 


■ 

U-Dep^tmnt tf Railways of Canada, I90i 

Po" 

Single Track, S-0" 
Double Track, 6i6'^ 

iPo" or jg Span ■ 

Span/ZO 


§7. Live Loads. — Data for live loads are given in Table XVI. The type of engine is given 
in the second column and the weight in thousands of pounds of a single engine without tender 
is given in the third column; the special loadings and the spacing of the loads are given in the 
fourth and fifth columns; the impact formulas are given in the sixth column; the allowable tensile 
stresses are given in the seventh column, and the equivalent loading is given in the last column. 
The equivalent loading is found by multiplying the loading in the second column by 16,000 and 
dividing by the allowable tensile strength. The present standard loading on trunk lines is Cooper’s 
E 60 loading. 

The C. M. & St. P. Ry. uses E 60 followed by a train load of 7,000 lb. per lineal foot of track 
on ore roads; while the Duluth & Iron Range R. R. uses E 60 followed by a train load of 8,000 lb. 
per lineal foot of track. 

In a paper entitled “Rolling Loads on Bridges” published in Bulletin No. 161, Am. Ry. 
Eng. Assoc., November 1913, Mr. J. E. Greiner, Consulting Engineer, has tabulated the live 
loads of 59 railroads, including all but one of the roads in Table XVI. Of the 39 roads thirteen 
are building bridges equal to E 60; four equal to E 57; seven equal to E 55; one equal to E 53; 
ten Mual to E 50; two equal to E 47; one equal to E 45, and one equal to E 65. 

Of the 39 roads considered 26 roads use the impact formula of the Am. Ry. Eng. Assoc.; 
and 24 roads use a tensile stress of 16,000 lb. per sq. in. The highest tensile stress is 18,000 lb. 
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TABLE XIV. 

Data on Ties on Bridges. 



Minimum Ske and Spacing of Ties. 

Data for Design. 

Specifications. 

Size. 

Length. 

Maximum Spacing. 

Fiber Stress, Lb . 
per Sq. In. 

Impact, 
Per Cent. 

T Am Rv\ Kng. Assoc. 


10 ft. 

6 in. 

2,000 

1,400 

1,000 

2,000 

2,000 

100 

2. A. T. & St. F. R. R. . 

3. B. & 0. R. R 

4. B. & M. R. R 

8 in. X 8 in. 

8 in. X 8 in. 

12 ft. 

9 ft. 

10 ft. 

12 in. centers 

6 in. 

6 in. 

none 

none 

100 

5. C. M. & St. P. Ry.. . 


10 ft. 

6 in. 

100 

6 C. R. I. & P. R. R.. . 


7. Common Standard... 

8. Cooper 

8 in. X 10 in. 


4 in. 




1,000 

none 

9. Illinois Central R. R. 

r6" X S" flat 
s Four lines of 

10 ft. 


1,500 

2,000 

none 

10. K. C..M.& 0. R. R. 

11. L. V. R. R 

[ stringers) 

8 in. X 10 in. 

10 ft. 

13 in. centers 
on edge 

6 in. 

100 

12. N. Y. Central Lines. . 





13. N. Y., N. H. & H. 

R. R 


10 ft. 

6 in. 

2,000 

100 

14. Penna. W. of Pitts- 
burgh 


15. Nat. L. of Mexico . . . 


1 

4 in. 

1,000 

none 

16. Can. Soc. C. E 



1,800 

100 






TABLE XV. 

Data on Dead Loads. 


Specifications. 

Weight in Lb. 

Timber. 

Ballast. 

Concrete. 

Rails and 
Fastenings. 

Total Weight of 
Floor, Lb. 

2. A., T. & S. F. R. R 

3. B. & 0 . R. R 

4. B. & M. R. R 

5. C. M. & St. P. Ry 

7. Common Standard 

4 i 

4 J 

4 i 

4 i 




Timber Ballasted 
Deck 1,400 

500 

400 min. 

400 

550 

600 

400 

100 

100 

130 

150 

ISO 

100 

150 

ISO 

8. Cooper 

4 l 

4 l 

Creosoted 5 

no 

100 



9. Illinois Central R. R. . . . 

10. K. C, M. & 0 . R. R.... 

150 

100 

11. Lehigh Valley R. R 

12. N. Y. Central R. R 

13. N. Y., N. H. & H. R. R. 

14. Penna. W. of Pittsburgh 

15. Nat. L. of Mexico 

4 J 

4 i 

4 i 

120 

100 

150 

150 

ISO 

170 

ISO 

ISO 

4 

4 

100 


120 

17. Dept, of R. R. of Canada 


600 





per sq. in. and the lowest is 15,000 lb. per sq. in. Of the 39 roads considered all except one use a 
concentrated system of engine loadings; one road, the Pennsylvania Lines West of Pittsburgh, 
uses a uniform load of 5,500 lb. per lineal foot of track and an excess load of 66,000 lb. on one 
axle; no road is using an equivalent uniform load. For data on the heaviest locomotives in service 
and the relative stresses due to these locomotives compared with E 50 loading see Table 11 . ♦ 
Mr. Greiner’s conclusion is that E 50 bridges will safely carry all loads that can be carried 
without increasing the present vertical and horizontal clearances. 

* Also see Table XVII. 
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^ TABLE XVL 
Live Loads for Railway Bridges. 


Specification. 


2 . A., T. & S. F. 

R 'R 

3. B. & O. R. R.. . , 

4. B. & M. R. R. .. 

5. C. M. & St. P. 

Ry 

6. C. R. I. & P. 

R. R 

7. Common 

Standard 

9. Illinois Central 
R R 

10. K. C.,m‘& 0 . 

R. R 

11. Lehigh Valley 

R R 

12. N. Y. Central. . 

13. N. Y., N.II. & 

H. R. R 

14. Penna. W. of 

Pittsburgh. . . 

15. Nat. L. of Mex. 


Consol. 
E 50 
E 60 
JEss^ 
\E6oi 


Excess* 
K 60 


Special Loads, j 

Weight 


per 

Spacing 

Track. 

of Two 

Two 

Loads. 

Loads. 

Ft. 

Lb. 




60,000 


65,000 

6 

68,750 

7 

75,000 

7 

68,750 

7 


7 

75,000 

7 i 

72,000 

7 

65,000 

6 

75,000 

5 


Tensile Unit Stress 
in Lb. 


Equivalent | 
Loading in 
Terms of 
Tensile 
Stress. 


A. R. E. A. 


LL 

LL-\-DL 

A.R.E. A. 


16,000 

0 / , min.\ 

8,500 ( i H ) 

\ max./ 

16,000 


Launhardt 7,000 
Cooper 


16,000 
\ max./ 


ivi. oc .^L. 1 . i\y. uses n. 5.'^ ease ui me iviissouri ixiver aiiu c 

A uniform train load of 7,000 lb. per lin. ft. on ore roads. 

A uniform train load of 5,o<X) lb. per lin. ft. 

A uniform train load of 6,000 lb. per lin. ft. 

Train load of 5,500 lb. per lin. ft. and excess load of 66,000 lb. 


§9. Impact. — Ten of the sixteen specifications use the impact coefficient as given in section 9, 
I = 30o/(L + 300). Three specifications follow Cooper’s method of using dead load unit stresses 
equal to twice the live load unit stresses, with different stresses for different members. Two 

specifications use Launhardt’s formula, P = S I i ^ ) where P = allowable unit 

^ V max. si ress / 

stress, and S = allowable unit stress for live load alone. One specification uses the impact 

- IT— Live Load Stress 

formula, 1 - + D^SefL^^d Stress 

In the paper referred to in section 7, Mr. Greiner found that 26 roads used the A. R, E. A. 
formula for impact. 

§10 & II. Wind Loads. — The wind loads given in the different sfxjcifications are variable 
and space will not permit going into detail. Most of the specifications require that the moving 
wind load on the loaded chord be considered as applied at 6 or 7 ft. above the top of the rail. 

§13. Centrifugal Force. — Five of the sixteen specifications have the same requirement as in 
section 13. The centrifugal force of a body moving in a circular path is C = lF*F*/32-2/?, 
where W = weight of live load per lineal foot; V = velocity of train in feet per second, and 
R = radius of curve in feet. For a speed of 60 — 2iD, C = 0.039IF for a i degree curve; C = 
0.071 IF for a 2 degree curve; C = 0.117!^ for a 4 degree curve, and C = 0,143 TF for a 10 degree 
curve. Five specifications require that the centrifugal force be applied at 5 to 7I feet above the 
rail. Two specifications take the centrifugal force as C = 0.03 IF-/), where W = equivalent 
weight of live load per lineal foot, and D — degree of curve; one takes C = 0.02 IF-/), and tw\o 
take C 0.045 IF*/). The K. C. M. & O. R. R. takes C - IF- F*/32*2/?, where IF = equiva- 
lent weight of live load per lineal foot, V == velocity of train in feet per second (calculated for 50 
miles per hour), and R *■ radius of curve in feet. This gives C * 0.029 IF-/). 
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iu. Unit Stresses.— For a comparison of the tensile unit stresses sec . . 

§ 22 . Alternate Stresses.— Four of the sixteen sp^ifications use the same si^cification as m 
section 22 Six specifications use Cooper’s specification. “All members and their connections 
^11 deigned t^esist each kind of ^ress. Both of the stres^s 
as increased by 0.8 of the least of the two stresses.” One specification 

0.60 of the lesser stress, one by 0.70, and two by 0.75. One specification uses Weyrauch s formula, 

p KM s f I - , where F = allowable unit stress for alternate stresses, and S 

\ 2 max. stress / ’ 

a» allowable unit stress for live loads alone. ..r it* « 

526. Net Sections. — Section 26 is standard. In addition the method of calculating the 
net area of a riveted tension member is given in several specifications. 

Cooper requires that “The rupture of a riveted tension member is to considered as equally 
probable, either through a transverse line of rivet holes or through a zigzag line of rivet holes, where 
the net section does not exceed by 30 per cent the net section along a transverse line.” 

The Baltimore & Ohio R. R. requires that ‘‘The greatest number of rivet holes that can be 
cut by a transverse plane, or come within one inch of the plane is to be deducted in calculating 
the net section.” 

The New York Central Lines require that “The net section of riveted members shall be the 
least area which can be obtained by deducting from the gross sectional area the areas of holes cut 
by any plane p)erp>endicular to the axis of the member and parts of the areas of other holes on one 
side of the plane, within a distance of 4 inches, and which are on other gage lines than those of the 
holes cut by the plane, the parts being determined by the formula: A{i — pl^), in which A = the 
area of the hole, and p = the distance in inches of the center of the hole from the plane.” 

The Canadian Society of Civil Engineers requires “There shall be deducted from each member 
as many rivets as there are gage lines, unless the distance center to center of rivets measured in 


the diagonal direction is 40 per cent greater than their distance center to center of gage lines.” 

§29. Plate Girders. — Seven of the sixteen specifications require that plate girders be pro- 
portioned either by the moment of inertia of their net section; or by assuming that the flanges 
are concentrated at their centers of gravity; in which case onc*cighth of the gross section of the 
web, if properly spliced, may be used as flange section. Six specifications require that the bending 
moment all be taken by the flanges. Two specifications require that the bending moment be 
taken by the flanges and that one-eighth of the gross section of the web be taken as flange area. 
One specification requires that plate girders with stiffeners be designed on the assumption that 
the flanges take all the bending moment, and that for plate girders without stiffeners one-eighth of 
the web may be considered as flange area. 


§30. Compression Flanges. — Two specifications require that the flange angles shall contain 
at least one-half of the area of the flange. The specifications uniformly require that the com- 
pression flange shall have the same gross area as the tension flange. 

§36. Counters. — Eight SF)ecifications require that counters be stiff members. Eight spxjci- 
fications piermit adjustable counters and laterals. 

545. Minimum Angles. — Five specifications give 3J" X 3" X ?" as the minimum angle. 
Two specifications give 3" X 2 \" X I" as the minimum angle. One specification requires that 
the vertical leg be not less than 3i". One specification requires that connection angles for stringers 
and floorbeams be not less than 4" X 4" X t"; one specification 3J" X 3i" X J", and one 
specification 6" X 4" X J". 

§59. Expansion. — Six specifications require that provision be made for an expansion of | in. 
for each 10 ft. of span. Five specifications require that provision be made for a range in tempera- 


ture of 150 degrees F.; one for 180 degrees F. Three specifications require that provision be 
made for an expansion of i in. in 100 ft.; one for an expansion of i in. in 70 ft. 

562. Rollers. — Six specifications require that rollers be at least 6 in. in diameter. Five 


specifications permit rollers 4 in. in diameter. One specification permits rollers 3 in. in diameter. 
Coopier requires that rollers for spans up to 100 ft. be 4 J in., and that the diameter be increased 
I in. for each 10 ft. increase in span over 100 ft. The New York Central R. R. requires that rollers 
shall not have a less diameter in inches than 3 -f 0.03 (span in feet). 

§68. Stringer Connection Angles. — One specification requires that connection angles of 
stringers and floorbeams be not less than 4" X 4" X one specification 3J" X 3i" X J", 
and one specification 6" X 4" X |". 

§77. Camber of Plate Girders. — Four specifications require that plate girders more than 
50 ft. long be cam^red Ar *n. per 10 ft. of length. Two specifications require full camber. Two 
specifications require a camber of the span. Two specifications require a camber of the 
span. One specification requires a camber of J in. per 10 ft. of length, one specification requires 
a camber of ^ in. per 15 ft. of length. Four specifications do not require that plate girders be 
cambered. 
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J79. Web Stiffeners. — Seven specifications have the same specification as given in section 79- 
Two specifications require that stiffeners be spaced not to exceed depth of girder. The Baltimore 
& Ohio R. R. requires that stiffeners be spaced not to exceed depth of girder or 6 ft., and that for 
webs up to 6 ft. 6 in., stiffeners shall be 3J" X 3i" X angles; for webs from 7 ft. to 7 ft. 6 in., 
stiffeners shall be 5" X 3 i" X i" angles; for webs 8 ft. and over, stiffeners shall be 6" X 4" X I" 
angles. The New York Central Lines require that stiffeners be spaced not to exceed depth of 
girder or 5 ft. 6 in.; near ends of girders the spacing shall not exceed one-half the depth of girder 
or 3 ft. 6 in. 

The New York Central Lines require that stiffeners shall have an outstanding leg not less 
than 2 inches plus ^ the depth of the girder. 

The Chicago, Milwaukee & St. Paul Ry. requires that stiffeners bearing against 6" X 6" 
flange angles shall be 5" X si" X i"; and against 8" X 8" flange angles shall be 6" X 3i" X i". 

§81. Camber of Trusses. — Six specifications require full camber as stated in section 81. Sue 
specifications require that the upper chords be increased i in. for each 10 ft. One specification' 
requires that the upper chord be increased J in. for each 15 ft. Two specifications require that 
trusses be cambered xiVti span. One specification requires that trusses be cambered the 
span. 

§82. Rigid Members. — All specifications require that hip verticals and the two end panels 
of bottom chords (two at each end) be stiff members. The Common Standard specifications 
(Harriman Lines) require that the bottom chords of bridges of less than 150 ft. span be stiff 
members. The Illinois Central R. R. requires that bridges with 6 panels or less shall have stiff 
lower chords. The New York Central Lines limit the specification for rigid members to spans 
less than 300 ft. 

§83. Eye-bars. — Nine sp)ecifications permit bars to be out of line i in. in 16 ft. as in section 83. 
One specification permits bars to be out of line i in. in 8 ft. 

MisceUaneous. — The following specifications are of interest. 

Inidal Stress. — Four of the sixteen specifications require that diagonals and struts be designed 
for an initial stress of 10,000 lb. in each diagonal. 

Collision Strut. — Two of the sixteen specifications require collision struts. 

Fastening Angles. — Two spiecifications require that angles must be fastened by both legs. 
Three specifications require that angles be fastened by both legs or only one leg will be considered 
effective. One specification requires that 75 per cent of the net area be considered effective where 
angles are fastened by one leg, and 90 per cent of the net area be considered effective where angles 
are fastened by both legs. 

Calculating Dead Load Stresses. — One specification requires that all the dead load be con- 
sidered as coming on the loaded chord. Two specifications require that three-fourths of the dead 
load be considered as coming on the loaded chord and one-fourth on the unloaded chord. Two 
specifications require that two-thirds of the dead load be considered as coming on the loaded chord 
and one-third on the unloaded chord. Two specifications require that the floor load shall be 
assumed as taken by the loaded chord, and the remainder of the dead load to be divided equally 
between the chords. The other specifications do not state where the dead load shall be applied. 

Minimum Bar. — ^Three specifications require that the minimum bar shall have not less than 
3 sq. in. cross section. One specification p)ermits a minimum bar i i in. square. One specification 
requires that an increase of 80 per cent in the live load shall not increase the stress in the counters 
more than 80 per cent. One specification has a similar clause with Jo per cent variation. 

Paint. — The shop coat of paint as required by several specifications is as follows: 

The New York Central Lines use red lead paint mixed by the following formula: — 100 lb. 
pure red lead; 4 gallons pure open-kettle-boiled linseed oil; and not to exceed one-half pint of 
turpentine-japan drier. 

The Boston & Maine R. R. and the New York, New Haven & Hartford R. R. use red lead 
paint made by mixing 32 lb. of red lead to one gallon of linseed oil. 

The A. T. & S. F. Ry. gives steel work a shop coat of linseed oil; while the C. R. I. & P. 
R. R. uses linseed oil with 10 p>er cent of lamp black. 

The Illinois Central R. R. uses red lead paint for a shop coat. 

The Pennsylvania Lines West of Pittsburgh use a shop coat of pure linseed oil. 

The Common Standard specifications require a shop coat of red lead. 



GENERAL SPECIFICATIONS FOR STEEL RAILWAY BRIDGES.* 
American Railway Engineering Association. 

Fourth Edition, 1910. 

STANDARD SPECIFICATIONS. 

PART FIRST— DESIGN. 


1 . GENERAL. 

1. Materials. — ^The material in the superstructure shall be structural steel, except rivets, 
and as may be otherwise specified. 

2. Clearances. — When alinement is on tangent, clearances shall not be less than shown on 
the diagram; the height of rail shall, in all cases, be assumed as 6 in. The width shall be increased 
so as to provide the same minimum clearances on curves for a car 80 ft. long, 14 ft. high, and 60 ft. 
center to center of trucks, allowance being made for curvature and superelevation of rails. 

3. Spacing Trusses. — The width center to center of girders and trusses 
shall in no case be less than one-twentieth of the effective span, nor less than 
is necessary to prevent overturning under the assumed lateral loading. 

4. Skew Bridges. — Ends of deck plate girders and track stringers of 
skew bridges at abutments shall be square to the track, unless a ballasted 
floor is used. 

5. Floors. — Wooden tie floors shall be secured to the stringers and shall 
be proportioned to carry the maximum wheel load, with 100 percent impact, 
distributed over three tics, with fiber stress not to exceed 2,000 lb. per sq. in. 

Ties shall not be less than 10 ft. in length. They shall be spaced with not 
more than 6-in. openings; and shall be secured against bunching. 

11 . LOADS. 

6. Dead Load. — The dead load shall consist of the estimated weight of 
the entire suspended structure. Timber shall be assumed to weigh 45 lb. per 
ft. B. M.; ballast 100 lb. per cu. ft., reinforced concrete 150 lb. per cu. ft., 
and rails and fastenings, 150 lb. per linear ft. of track. 

t7. Live Load. — The live load, for each track, shall consist of two typical engines followed 
by a uniform load, according to Cooper’s series, or a system of loading giving practically equivalent 
strains. The minimum loading to be Cooper’s E-40, and the special loading, the diagram as 
shown in the following diagrams, that which gives the larger strains to be used. 

fS. Heavier Loading. — Heavier loadings shall be proportional to the above diagrams on the 
same spacing. 

9. Impact. — The dynamic increment of the live load shall be added to the maximum computed 

live load strains and shall be determined by the formula I — S — , 

^ , L -f 300 ’ 

where I = impact or dynamic increment to be added to live-load strains. 

5 = computed maximum live-load strain. 

L — loaded length of track in feet producing the maximum strain in the member. For 
bridges carrying more than one track, the aggregate length of all tracks producing 
the strain shall be used. 

Impact shall not be added to strains produced by longitudinal, centrifugal and lateral or 
wind forces. 

10. Lateral Forces. — All spans shall be designed for a lateral force on the loaded chord of 
200 lb. per linear foot plus 10 per cent of the specified train load on one track, and 200 lb. per 
linear foot on the unloaded chord ; these forces being considered as moving. 

* Adopted by the American Railway Engineering Association, 1910. 

t See Addendum, clause (a). 
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II. Wind Force. — Viaduct towers shall be designed for a force of 50 lb. per sq. ft. on one 
and one-half times the vertical projection of the structure unloaded; or 30 lb. per sq. ft. on the 
same surface plus 400 lb. per linear ft. of structure applied 7 ft. above the rail for assumed wind 
force on train when the structure is either fully loaded or loaded on either track with empty cars 
assumed to weigh 1,200 lb. per linear ft., whichever gives the larger strain. 
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12. Longitudinal Force. — Viaduct towers and similar structures shall be designed for a 
longitudinal force of 20 per cent of the live load applied at the top of the rail. 

13. Structures located on curves shall be designed for the centrifugal force of the live load 
applied at the top of the high rail. The centrifugal force shall be considered as live load and be 
derived from the speed in miles per hour given by the expression 60 — 2^D, where “D” = degree 
of curve. 


III. UNIT STRESSES AND PROPORTION OF PARTS. 

14. Unit Stresses. — All parts of structures shall be so proportioned that the sum of the maxi- 
mum stresses produced by the foregoing loads shall not exceed the following amounts in pounds 
per sq. in., e.xcept as modified in paragraphs 22 to 25: 


15. Tension. — Axial tension on net section 16,000 

16. Compression. — Axial compression on gross section of columns 16,000 — 70-^ 

with a maximum of 14,000 

where is the length of the member in inches, and “r” is the least radius of 
gyration in inches. 

Direct compression on steel castings 16,000 

17. Bending. — Bending: on extreme fibers of rolled shapes, built sections, 

girders and steel castings; net section 16,000 

on extreme fibers of pins 24,000 

18. Shearing. — Shearing: shop driven rivets and pins 12,000 

field driven rivets and turned bolts 10,000 

plate girder webs; gross section 10,000 

19. Bearing. — Bearing: shop driven rivets and pins 24,000 

field driven rivets and turned bolts 20,000 

expansion rollers; per linear inch 6 ood 

where “d” is the diameter of the roller in inches. 

on masonry 600 


20. Limiting Leng^th of Members. — The lengths of main compression members shall not 
exceed 100 times their least radius of gyration, and those for wind and sway bracing 120 times 
their least radius of gyration. 

21. The lengths of riveted tension members in horizontal or inclined positions shall not 
exceed 200 times their radius of gyration about the horizontal axis. The horizontal projection 
of the unsupported portion of the member is to be considered as the effective length. 

22. Alternate Stresses. — Members subject to alternate stresses of tension and compression 
shall be proportioned for the stresses giving the largest section. If the alternate stresses occur 
in succession during the passage of one train, as in s^^iff counters, each stress shall be increased by 
50 per cent of the smaller. The connections shall in all cases be proportioned for the sum of the 
stresses. 

23. Wherever the live and dead load stresses are of opposite character, only tw’o-thirds of the 
dead load stresses shall be considered as effective in counteracting the live load stress. 

24. Combined Stresses. — Members subject to both axial and bending stresses shall be pro- 
portioned so that the combined fiber stresses will not exceed the allowed axial stress. 

25. For stresses produced by longitudinal and lateral or wind forces combined with those 
from live and dead loads and centrifugal force, the unit stress may be increased 25 per cent over 

18 
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those given above; but the section shall not be less than required for live and dead loads and 
centrifugal force. 

26. Net Section at Rivets. — In proportioning tension members the diameter of the rivet holes 
shall be taken i-in. larger than the nominal diameter of the rivet. 

27. Rivets. — In proportioning rivets the nominal diameter of the rivet shall be used. 

28. Net Section at Pins. — Pin-connected riveted tension members shall have a net section 
through the pin-hole at least 25 per cent in excess of the net section of the body of the member, 
and the net section back of the pin-hole, parallel with the axis of the member, shall be not less than 
the net section of the body of the member. 

29. Plate Girders. — Plate girders shall be proportioned either by the moment of inertia of 
their net section; or by assuming that the flanges are concentrated at their centers of gravity; 
in which case one-eighth of the gross section of the web, if properly spliced, may be used as flange 
section. The thickness of web plates shall be not less than yJiy of the unsupported distance 
between flange angles (see 38). 

30. Compression Flange. — The gross section of the compression flanges of plate girders shall 
not be less than the gross section of the tension flanges; nor shall the stress per sq. in. in the 

compression flange of any beam or girder exceed 16,000 — 200 ^ , when flange consists of angles 


only or if cover consists of flat plates, or 16,000 — 150 If cover consists of a channel 


section. 


where I = unsupported distance and h — width of flange. 

31. Flange Rivets. — The flanges of plate girders shall be connected to the web with a sufficient 
number of rivets to transfer the total shear at any point in a distance equal to the effective depth 
of the girder at that point combined with any load that is applied directly on the flange. The 
wheel loads, where the ties rest on the flanges, shall be assumed to be distributed over three 
ties. 

32. Depth Ratios. — Trusses shall preferably have a depth of not less than one-tenth of the 
span. Plate girders and rolled beams, used as girders, shall preferably have a depth of not less 
than one-twelfth of the span. If shallower trusses, girders or beams are used, the section shall 
be increased so that the maximum deflection will not be greater than if the above limiting ratios 
had not been exceeded. 


IV. DETAILS OF DESIGN. 

GENERAL REQUIREMENTS. 

33. Open Sections. — Structures shall be so designed that all parts will be accessible for 
inspection, cleaning and painting. 

34. Pockets. — Pockets or depressions which would hold water shall have drain holes, or be 
filled with waterproof material. 

35 - Symmetrical Sections. — Main members shall be so designed that the neutral axis will be 
as nearly as practicable in the center of section, and the neutral axes of intersecting main members 
of trusses shall meet at a common point. 

36. Counters. — Rigid counters are preferred; and where subject to reversal of stress shall 
preferably have riveted connections to the chords. Adjustable counters shall have open turn- 
buckles. 

37 - Strength of Connections. — ^The strength of connections shall be sufficient to develop the 
full strength of the member, even though the computed stress is less, the kind of stress to which 
the member is subjected being considered. 

38. Minimum Thickness. — The minimum thickness of metal shall be l-in., except for 
fillers. 

39. Pitch of Wvets. — ^The minimum distance between centers of rivet holes shall be three 
diameters of the rivet; but the distance shall preferably be not less than 3 in. for J-in. rivets and 
2j in. for }-in. rivets. The maximum pitch in the line of stress for members composed of plates 
and shapes shall be 6 in. for }-in. rivets and 5 in. for J-in. rivets. For angles with two gage lines 
and rivets staggered the maximum shall be twice the above in each line. Where two or more 
plates are used in contact, rivets not more than 12 in. apart in either direction shall be used to 
hold the plates well together. In tension members, composed of two angles in contact, a pitch 
of 12 in. will be allowed for riveting the angles together. 

40. Edge IWstancc.—The minimum distance from the center of any rivet hole to a sheared 
edge shall be in. for }-in. rivets and ij in. for }-in. rivets, and to a rolled edge 1} in. and i J in., 
respectively. The maximum distance from any edge shall be eight times the thickness of the 
plate, but shall not exceed 6 in. 
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41. Maximum Diameter. — ^The diameter of the rivets in any angle carrying calculated stress 
shall not exceed one-quarter the width of the leg in which they are driven. In minor parts i-in. 
rivets may be used in 3-in. angles, and J-in. rivets in 2j-in. angles. 

42. Long Rivets. — Rivets carrying calculated stress and whose grip exceeds four diameters 
shall be increased in number at least one per cent for each additional A-in. of grip. 

43. Pitch at Ends. — The pitch of rivets at the ends of built compression members shall not 
exceed four diameters of the rivets, for a length equal to one and one-half times the maximum 
width of member. 

44. Compression Members. — In compression members the metal shall be concentrated as 
much as possible in webs and flanges. The thickness of each web shall be not less than one- 
thirtieth of the distance between its connections to the flanges. Cover plates shall have a thickness 
not less than one-fortieth of the distance between rivet lines. 

45. Minimum Angles. — Flanges of girders and built members without cover plates shall have 
a minimum thickness of one-twelfth of the width of the outstanding leg. 

46. Tie-Plates. — The open sides of compression members shall be provided with lattice and 
shall have tie-plates as near each end as practicable. Tie-plates shall be provided at intermediate 
points where the lattice is interrupted. In main members the end tie-plates shall have a length 
not less than the distance between the lines of rivets connecting them to the flanges, and inter- 
mediate ones not less than one-half this distance. Their thickness shall not be less than one- 
fiftieth of the same distance. 

47. Lattice. — The latticing of compression members shall be proportioned to resist the 
shearing stresses corresponding to the allowance for flexure for uniform load provided in the 

column formula in paragraph 16 by the term 70 - . The minimum width of lattice bars shall be 

2J in. for J-in. rivets, 2I in. for J-in. rivets, and 2 in. if |-in. rivets are used. The thickness shall 
not be less than one-fortieth of the distance between end rivets for single lattice, and one-sixtieth 
for double lattice. Shapes of equivalent strength may be used. 

48. Threc-fourths-inch rivets shall be used for latticing flanges less than 2^ in. wide, and 
J-in. for flanges from 2^ to 3J in. wide; J-in. rivets shall be used in flanges 3^ in, and over, and 
lattice bars with at least two rivets shall be used for flanges over 5 in. wide. 

49. The inclination of lattice bars with the axis of the member shall be not less than 45 degrees, 
and when the distance between rivet lines in the flanges is more than 15 in., if single rivet bar is 
used, the lattice shall be double and riveted at the intersection. 

50. Lattice bars shall be so spaced that the portion of the flange included between their 
connections shall he as strong as the member as a whole. 

51. Faced Joints. — Abutting joints in compression members when faced for bearing shall be 
spliced on four sides sufficiently to hold the connecting members accurately in place. All other 
joints in riveted work, whether in tension or compression, shall be fully spliced. 

52. Pin Plates. — Pin-holes shall be reinforced by plates where necessary, and at least one 
plate shall be as wide as the flanges will allow and be on the same side as the angles. They shall 
contain sufficient rivets to distribute their portion of the pin pressure to the full cross-section of 
the member. 

53. Forked Ends. — Forked ends on compression members will be permitted only where 
unavoidable; where used, a sufficient number of pin plates shall be provided to make the jaws of 
twice the sectional area of the member. At least one of these plates shall extend to the far edge 
of the farthest tie-plate, and the balance to the far edge of the nearest tie-plate, but not less than 
6 in. beyond the near edge of the farthest plate. 

54. Pins. — Pins shall be long enough to insure a full bearing of all the parts connected 
upon the turned body of the pin. They shall be secured by chambered nuts or be provided with 
washers if solid nuts arc used. The screw ends shall be long enough to admit of burring the 
threads. 

55. Members packed on pins shall be held against lateral movement. 

56. Bolts. — Where members are connected by bolts, the turned body of these bolts shall be 
long enough to extend through the metal. A washer at least J-in. thick shall be used under the 
nut. Bolts shall not be used in place of rivets except by special permission. Heads and nuts 
shall be hexagonal. 

57. Indirect Splices. — Where splice plates arc not in direct contact with the parts which 
they connect, rivets shall be used on each side of the joint in excess of the number theoretically 
required to the extent of one-third of the number for each intervening plate. 

58. Fillers. — Rivets carrying stress and passing through fillers shall be increased 50 per cent 
in number; and the excess rivets, when possible, shall be outside of the connected member. 

59. Expansion. — Provision for expansion to the extent of J-in. for each 10 ft. shall be made 
for all bridge structures. Efficient means shall be provided to prevent excessive motion at any 
one point. 
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60. Expansion Bearings. — Spans of 8o ft. and over resting on masonry shall have turned 
rollers or rockers at one end; and those of less length shall be arranged to slide on smooth surfaces. 
These expansion bearings shall be designed to permit motion in one direction only. 

61. Fixed Bearings. — Fixed bearings shall be firmly anchored to the masonry. 

62. Rollers. — Expansion rollers shall be not less than 6 in. in diameter. They shall be 
coupled together with substantial side bars, which shall be so arranged that the rollers can be 
readily cleaned. Segmental rollers shall be geared to the upper and lower plates. 

63. Bolsters. — Bolsters or shoes shall be so constructed that the load will be distributed over 
the entire bearing. Spans of 80 ft. or over shall have hinged bolsters at each end. 

64. Wall Plates. — Wall plates may be cast or built up; and shall be so designed as to distribute 
the load uniformly over the entire bearing. They shall be secured against displacement. 

65. Anchorage. — Anchor bolts for viaduct towers and similar structures shall be long enough 
to engage a mass of masonry the weight of which is at least one and one-half times the uplift. 

66. Inclined Bearings. — Bridges on an inclined grade without pin shoes shall have the sole 
plates beveled so that the masonry and expansion surfaces may be level. 

FLOOR SYSTEMS. 

67. Floorbeams. — Floorbeams shall preferably be square to the trusses or girders. They 
shall be riveted directly to the girders or trusses or may be placed on top of deck bridges. 

68. Stringers. — Stringers shall preferably be riveted to the webs of all intermediate floorbeams 
by means of connection angles not less than ^-in. in thickness. Shelf angles or other supports 
provided to support the stringer during erection shall not be considered as carrying any of the 
reaction. 

69. Stringer Frames. — Where end floorbeams cannot be used, stringers resting on masonry 
shall have cross frames near their ends. These frames shall be riveted to girders or truss shoes 
where practicable. 

BRACING. 

70. Rigid Bracing. — Lateral, longitudinal and transverse bracing in all structures shall be 
composed of rigid members. 

71. Portals. — Through truss spans shall have riveted portal braces rigidly connected to the 
end posts and top chords. They shall be as deep as the clearance will allow. 

72. Transverse Bracing. — Intermediate transverse frames shall be used at each panel of 
through spans having vertical truss members where the clearance will permit. 

73. End Bracing. — Deck spans shall have transverse bracing at each end proportioned to 
carry the lateral load to the support. 

74. Laterals. — The minimum sized angle to be used in lateral bracing shall be 3^ by 3 by |-in. 
Not less than three rivets through the end of the angles shall be used at the connection. 

75. Lateral bracing shall be far enough below the flange to clear the ties. 

76. Tower Struts. — The struts at the foot of viaduct towers shall be strong enough to slide 
the movable shoes when the track is unloaded. 

PLATE GIRDERS. 

77. Camber. — If desired, plate girder spans over 50 ft. in length shall be built with camber at 
a rate of A-in. per 10 ft. of length. 

78. Top Flange Cover. — Where flange plates are used, one cover plate of top flange shall 
tfxtend the whole length of the girder. 

79. Web Stiffeners. — There shall be web stiffeners, generally in pairs, over bearings, at points 
of concentrated loading, and at other points where the thickness of the web is less than ^ of the 
unsupported distance between flange angles. The distance between stiffeners shall not exceed 
that given by the following formula, with a maximum limit of six feet (and not greater than the 
clear depth of the web) : 

d — (12.000 - i), 

40 

Where d = clear distance, between stiffeners of flange angles. 

/ = thickness of web. 

5 = shear per sq. in. 

The stiffeners at ends and at points of concentrated loads shall be proportioned by the formula 
of paragraph 16, the effective length being assumed as one-half the depth of girders. End stiffeners 
and those under concentrated loads shall be on fillers and have their outstanding legs as wide as 
the flange angles will allow and shall fit tightly against them. Intermediate stiffeners may be 
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offset or on fillers, and their outstanding legs shall be not less than one-thirtieth of the depth of 
girder plus 2 in. 

80. Stays for Top Flanges.~Through plate girders shall have their top flanges stayed at 
each end of every floorbeam, or in case of solid floors, at distances not exceeding 12 ft., by knee 
braces or gusset plates. 


TRUSSES. 

81. Camber. — Truss spans shall be given a camber by so proportioning the length of the 
members that the stringers will be straight when the bridge is fully loaded. 

82. Rigid Members. — Hip verticals and similar members, and the two end panels of the 
bottom chords of single track pin-connected trusses shall be rigid. 

83. Eye-bars. — The eye-bars comix>sing a member shall be so arranged that adjacent bars 
shall not have their surfaces in contact; they shall be as nearly parallel to the axis of the truss as 
p)Ossible, the maximum inclination of any bar being limited to one inch in 16 ft. 

84. Pony Trusses. — Pony trusses shall be riveted structures, with double webbed chords, and 
shall have all web members latticed or otherwise effectively stiffened. 


PART SECOND— MATERIALS AND WORKMANSHIP. 


V. MATERIAL. 

85. Steel. — Steel shall be made by the open-hearth process. 

86. Properties. — The chemical and physical properties shall conform to the following limits: 


Elements Considered. 

Structural Steel. 

Rivet Steel. 

Steel Castings. 

Phosphorus, max.. 

Sulphur, maximurn 

0.04 per cent 

0.06 per cent 

0.05 per cent 

0.04 per cent 

0.04 per cent 

0.04 per cent 

0.05 per cent 

0.08 per cent 

0.05 per cent 


Ultimate tensile strcngtli. 
Pounds per square inch 

Elong., min. %, in 8", Fig. i | 

Elong., min. %, in 2", Fig. 2. . 

Character of Fracture 

Cold Bends without Fracture. 

Desired. 

60,000 

1,500,000* 

Desired. 

50,000 

1,500,000 

Not less than 
65,000 

Ult. tensile strength 

22 

Silky 

180® flatf 

Ult. tensile strength 

Silky 

180® flatt 

15 per cent 
f Silky or fine 
\ granular 

90® if = 


The yield point, as indicated by the drop of beam, shall be recorded in the test reports. 

87. In order that the ultimate strength of full-sized annealed eye-bars may meet the 
requirements of paragraph 163, the ultimate strength in test specimens may be determined by 
the manufacturers; all other tests than those for ultimate strength shall conform to the above 
requirements. 

88. Allowable Variations. — If the ultimate strength varies more than 4,000 lb. from that 
desired, a retest shall be made on the same gage, which, to be acceptable, shall be within 5,000 lb. 
of the desired ultimate. 

89. Chemical Analyses. — Chemical determinations of the percentages of carbon, phosphorus, 
sulphur and manganese shall be made by the manufacturer from a test ingot taken at the 
time of the pouring of each melt of steel, and a correct copy of such analysis shall be furnished 
to the engineer or his inspector. Check analyses shall be made from finished material, if called 
for by the purchaser, in which case an excess of 25 per cent above the required limits will be 
permitted. 

90. Specimens. — Plate, shape and bar specimens for tensile and bending tests shall be made 
by cutting coupons from the finished product, which shall have both faces rolled and both edges 
milled to the form shown by Fig. i ; or with both edges parallel; or they may be turned to a diameter 
of f-in. for a length of at feast 9 in., with enlarged ends. 

91. Rivet rods shall be tested as rolled. 

* See paragraph 96. f See paragraphs 97, 98, and 99. t Sec paragraph 100. 
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92. Pin and roller specimens shall be cut from the finished rolled or forged bar, in such manner 
that the center of the specimen shall be one inch from the surface of the bar. The specimen for 
tensile test shall be turned to the form shown by Fig. 2. The specimen for bending test shall be 
one inch by J-in. in section. 

93. For steel castings the number of tests will depend on the character and importance of 
the castings. Specimens shall be cut cold from coupons molded and cast on some portion of one 
or more castings from each melt or from the sink heads, if the heads are of sufficient size. The 
coujK)n or sink head, so used, shall be annealed with the casting before it is cut off. Test specimens 
to be of the form prescribed for pins and rollers. 


U'? • Not ]eMth.-in 9 * 


t t 
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— — About 18 — 


Abput 
— t 


Fig. 



94. Specimens of Rolled Steel. — Rolled steel shall be tested in the condition in which it 
comes from the rolls. 

95. Number of Tests. — At least one tensile and one bending test shall be made from each 
melt of steel as rolled. In case steel differing |-in. and more in thickness is rolled from one melt, 
a test shall be made from the thickest and thinnest material rolled. 

96. Modification in Elongation. — A deduction of i per cent will be allowed from the specified 
percentage for elongation, for each J-in. in thickness above J-in. 

97. Bending Tests. — Bending tests may be made by pressure or by blows. Plates, shap>es 
and bars less than one inch thick shall bend as called for in paragraph 86. 

98. Thick Material. — Full-sized material for eye-bars and other steel one inch thick and 
over, tested as rolled, shall bend cold 180 degrees around a pin, the diameter of which is equal to 
twice the thickness of the bar, without fracture on the outside of bend. 

99. Bending Angles. — Angles J-in. and less in thickness shall open flat, and angles J-in. and 
less in thickness shall bend shut, cold, under bl jws of a hammer, without sign of fracture. This 
test shall be made only when required by the inspector. 

100. Nicked Bends. — Rivet steel, when nicked and bent around a bar of the same diameter 
as the rivet rod, shall give a gradual break and a fine sillty uniform fracture. 

101. Finish. — Finished material shall be free from injurious seams, flaws, cracks, defective 
edges or other defects, and have a smooth, uniform and workmanlike finish. Plates 36 in. in 
width and under shall have rolled edges. 

102. Melt Numbers. — Every finished piece of steel shall have the melt number and the 
name of the manufacturer stamped or rolled upon it. Steel for pins and rollers shall be stamped ‘ 
on the end. Rivet and lattice steel and other small parts may be bundled with the above marks 
on an attached metal tag. 

103. Defective Material. — Material which, subsequent to the above tests at the mills, and 
its acceptance there, develops weak spots, brittleness, cracks or other imperfections, or is found 
to have injurious defects, will be rejected at the shop and shall be replaced by the manufacturer at 
his own cost. 

104. Variation in Weight. — A variation in cross-section or weight of each piece of steel of 
more than 2J per cent from that specified will be sufficient cause for rejection, except in case of 
sheared plates, which will be covered by the following permissible variations, which are to apply 
to single plates, when ordered to weight: 

105. Plates 12 J lb. per sq. ft. or heavier: 

(a) Up to 100 in. wide, 2J per cent above or below the prescribed weight. 

(b) One hundred inches wide and over, 5 jper cent above or below. 
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106. Plates under I2i lb. per sq. ft.; 

(a) Up to 75 in. wide, 2j per cent above or below. 

(b) Seventy-five inches and up to loo in. wide, 5 per cent above or 3 per cent below. 

(c) One hundred inches wide and over, 10 per cent above or 3 per cent below. 

107. Plates when ordered to gage will be accepted if they measure not more than 0.0 1 in. 
below the ordered thickness. 

108. An excess over the nominal weight, corresp)onding to the dimensions on the order, will 

be allowed for each plate, if not more than that shown in the following table, one cu. in. of rolled 
steel being assumed to weigh 0.2833 ; 


Thickness 

Ordered. 

Nominal 

Weights. 

Width of Plate. 

Up to 7S". 

7S" and up to 
100". 

100" and up to 
IIS". 

Over IIS". 

j 

-inch 

10.20 lb. 

10 per cent 

14 per cent 

18 per cent 




12.7s “ 

8 

n 

12 “ 

16 “ 



“ 

15-30 “ 

7 

ti 

10 “ 

13 

17 per cent 

t 

V “ 

17.85 “ 

6 

it 

8 

10 “ 

13 “ 



20.40 “ 

5 


7 

9 

12 “ 


V “ 

22.9s “ 

4i 

n 

6J “ 

8i “ 

II “ 


: “ 

25.50 “ 

4 


6 

8 

10 “ 

Over j 

i “ 


ii 

n 

S 

6i “ 

9 


109. Cast-Iron. — Except where chilled iron is specified, castings shall be made of tough gray 
iron, with sulphur not over o.io per cent. They shall be true to pattern, out of wind and free from 
flaws and excessive shrinkage. If tests are demanded, they shall be made on the “Arbitration 
Bar” of the American Society for Testing Materials, which is a round bar li in. in diameter and 
15 in. long. The transverse test shall be made on a supported length of 12 in. with load at middle. 
The minimum breaking load so applied shall be 2,900 lb., with a deflection of at least before 
rupture. 

no. Wrought-Iron. — Wrought-iron shall be double-rolled, tough, fibrous and uniform in 
character. It shall be thoroughly welded in rolling and be free from surface defects. When tested 
in specimens of the form of Fig. i, or in full-sized pieces of the same length, it shall show' an ultimate 
strength of at least 50,000 lb. per sq. in., an elongation of at least 18 per cent in 8 in., with fracture 
wholly fibrous. Specimens shall bend cold, with the fiber, through 135 degrees, without sign of 
fracture, around a pin the diameter of which is not over twice the thickness of the piece tested. 
When nicked and bent, the fracture shall show at least 90 per cent fibrous. 

VI. INSPECTION AND TESTING AT THE MILLS. 

111. Mill Orders. — The purchaser shall be furnished complete copies of mill orders, and no 
material shall be rolled nor work done before the purchaser has been notified where the orders have 
been placed, so that he may arrange for the inspection. 

1 12. Facilities for Inspection. — The manufacturer shall furnish all facilities for inspecting 
and testing the weight and quality of all material at the mill where it is manufactured. He shall 
furnish a suitable testing machine for testing the specimens as well as prepare the pieces for the 
machine, free of cost. 

1 13. Access to Mills. — When an inspector is furnished by the purchaser to inspect material 
at the mills, he shall have full access, at all times, to all parts of mills where material to be inspected 
by him is being manufactured. 

VII. WORKMANSHIP. 

1 14. General. — All parts forming a structure shall be built in accordance with approved 
drawings. The workmanship and finish shall be equal to the best practice in modern bridge works. 
Material arriving from the mills shall be protected from the weather and shall have clean surfaces 
before being worked in the shops. 

1 15. Straightening. — Material shall be thoroughly straightened in the shop, by methods that 
will not injure it, before being laid off or worked in any way. 

1 1 6. Finish. — Shearing and chipping shall be neatly and accurately done and all portions of 
the work exposed to view neatly finished. 

1 1 7. Size of Rivets. — ^The size of rivets, called for on the plans, shall be understood to mean 
the actual size of the cold rivet before heating. 
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1 1 8 . Rivet Holes. — When general reaming is not required, the diameter of the punch shall 
not be more than A"in. greater than the diameter of the rivet; nor the diameter of the die more 
than i-in. greater than the diameter of the punch. Material more than i-in. thick shall be 
sub-punched and reamed or drilled from the solid. 

1 19. Punching. — Punching shall be accurately done. Drifting to enlarge unfair holes will 
not be allowed. If the holes must be enlarged to admit the rivet, they shall be reamed. Poor 
matching of holes will be cause for rejection. 

120. Reaming. — Where sub-punching and reaming are required, the punch used shall have a 
diameter not less than ^-in. smaller than the nominal diameter of the rivet. Holes shall then be 
reamed to a diameter not more than A-in. larger than the nominal diameter of the rivet. (See 
I 35 -) 

12 1. Reaming after Assembling.* — [When general reaming is required it shall be done after 
the pieces forming one built member are assembled and so firmly bolted together that the surfaces 
shall be in close contact. If necessary to take the pieces apart for shipping and handling, the 
respective pieces reamed together shall be so marked that they may be reassembled in the same 
position in the final setting up. No interchange of reamed parts will be permitted.] 

122. Reaming shall be done with twist drills and without using any lubricant. 

123. The outside burrs on reamed holes shall be removed to the extent of making a A-in. 
fillet. 

124. Assembling. — Riveted members shall have all parts well pinned up and firmly drawn 
together with bolts, before riveting is commenced. Contact surfaces to be painted. (Sec 152.) 

125. Lattice Bars. — Lattice bars shall have neatly rounded ends, unless otherwise called for. 

126. Web Stiffeners. — Stiffeners shall fit neatly between flanges of girders. Where tight 
fits are called for, the ends of the stiffeners shall be faced and shall be brought to a true contact 
bearing with the flange angles. 

127. Splice Plate and Fillers. — Web splice plates and fillers under stiffeners shall be cut to 
fit within J-in. of flange angles. 

128. Web Plates. — Web plates of girders, which have no cover plates, shall be flush with 
the backs of angles or project above the same not more than i-in., unless otherwise called for. 
When web plates are spliced, not more than i-in. clearance between ends of plates will be allowed. 

129. Floorbeams and Stringers. — The main sections of floorbeams and stringers shall be 
milled to e.xact length after riveting and the connection angles accurately set flush and true to 
the milled ends t[or if required by the purchaser the milling shall be done after the connection 
angles are riveted in place, milling to extend over the entire face of the member). The removal 
of more than A'in. from the thickness of the connection angles will be cause for rejection. 

130. Riveting. — Rivets shall be uniformly heated to a light cherry red heat in a gas or oil 
furnace so constructed that it can be adjusted to the proper temperature. They shall be driven 
by pressure tools wherever possible. Pneumatic hammers shall be used in preference to hand 
driving. 

131. Rivets shall look neat and finished, with heads of approved shape, full and of equal 
size. They shall be central on shank and grip the assembled pieces firmly. Recupping and 
calking will not be allowed. Loose, burned or otherwdw defective rivets shall be cut out and 
replaced. In cutting out rivets, great care shall be taken not to injure the adjacent metal. If 
necessary, they shall be drilled out. 

132. Turned Bolts. — Wherever bolts are used in place of rivets which transmit shear, the 
holes shall be reamed parallel and the bolts shall make a driving fit with the threads entirely 
outside of the holes. A washer not less than }-in. thick shall be used under nut. 

133. Members to be Straight. — The several pieces forming one built member shall be straight 
and fit closely together, and finished members shall be free from twists, bends or open joints. 

134. Finish of Joints. — Abutting joints shall be cut or dressed true and straight and fitted 
close together, esjx*cially where open to view. In compression joints, depending on contact 
bearing, the surfaces shall be truly faced, so as to have even bearings after they are riveted up 
complete and when perfectly aligned. 

135. Field Connections. — Holes for floorbeam and stringer connections shall be sub-punched 
and reamed according to paragraph 120, to a steel templet not less than one inch thick. Jflf 
required, all other field connections, except those for laterals and .sway bracing, shall be assembled 
in the shop and the unfair holes reamed; and when so reamed the pieces shall be match-marked 
before being taken apart.) 

1^6. Eye-Bars. — Eye-bars shall be straight and true to size, and shall be free from twists, 
folds in the neck or head, or any other defect. Heads shall be made by upsetting, rolling or 
forging. Welding will not be allowed. The form of heads will be determined by the dies in use 

* See Addendum, clause (d). 

t See Addendum, clause (f). 

i See Addendum, clause (e). 
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at the works where the eye-bars are made, if satisfactory to the engineer, but the manufacturer 
shall guarantee the bars to break in the body when tested to rupture. The thickness of head 
and neck shall not vary more than A-in. from that specified. (See 163.) 

137. Boring Eye-Bars. — Before boring, each eye-bar shall be properly annealed and carefully 
straightened. Pin-holes shall be in the center line of bars and in the center of heads. Bars of 
the same length shall be bored so accurately that, when placed together, pins ^-in. smaller in 
diameter than the pin-holes can be passed through the holes at both ends of the bars at the same 
time without forcing. 

138. Pin-Holes. — Pin-holes shall be bored true to gages, smooth and straight; at right angles 
to the axis of the member and parallel to each other, unless otherwise called for. The boring 
shall be done after the member is riveted up. 

139. The distance center to center of pin-holes shall be correct within A-in., and the diameter 
of the holes not more than ^-in. larger than that of the pin, for pins up to 5-in. diameter, and A- 
in. for larger pins. 

140. Pins and Rollers. — Pins and rollers shall be accurately turned to gages and shall be 
straight and smooth and entirely free from flaws. 

141. Screw Threads. — Screw threads shall make tight fits in the nuts and shall be U. S. 
standard, except above the diameter of 1 1 in., when they shall be made with six threads per inch. 

142. Annealing. — Steel, except in minor details, which has been partially heated, shall be 
properly annealed. 

143. Steel Castings. — Steel castings shall be free from large or injurious blowholes and shall 
be annealed. 

144. Welds. — Welds in steel will not be allowed. 

145. Bed Plates. — Expansion bed plates shall be planed true and smooth. Cast wall plates 
shall be planed top and bottom. The finishing cut of the planing tool shall be fine and correspond 
with the direction of expansion. 

146. Pilot Nuts. — Pilot and driving nuts shall be furnished for each size of pin, in such 
numbers as may be ordered. 

147. Field Rivets. — Field rivets shall be furnished to the amount of 15 per cent plus ten rivets 
in excess of the nominal number required for each size. 

148. Shipping Details. — Pins, nuts, bolts, rivets and other small details shall be boxed or 
crated. 

149. Weight. — The scale weight of every piece and box shall be marked on it in plain figures. 

150. Finished Weight. — Payment for pound price contracts shall be by scale weight. No 
allowance over 2 per cent of the total weight of the structure as computed from the plans will be 
allowed for excess weight. 

VIII. SHOP PAINTING. 

*151. Cleaning. — Steel work, before leaving the shop, shall be thoroughly cleaned and given 
one good coating of pure linseed oil, or such paint as may be called for, well worked into all joints 
and open spaces. 

152. Contact Surfaces. — In riveted work, the surfaces coming in contact shall each be painted 
before being riveted together. 

153. Inaccessible Surfaces. — Pieces and parts which are not accessible for painting after 
erection, including tops of stringers, eye-bar heads, ends of posts and chords, etc., shall have an 
additional coat of paint before leaving the shop. 

154. Condition of Surfaces. — Painting shall be done only when the surface of the metal 
is perfectly dry. It shall not be done in wet or freezing weather, unless protected under cover. 

155. Machine-Finished Surfaces. — Machine-finished surfaces shall be coated with white 
lead and tallow before shipment or before being put out into the open air. 

IX. INSPECTION AND TESTING AT THE SHOPS. 

156. ^ Facilities^ for Inspection. — The manufacturer shall furnish all facilities for inspecting 
and testing the weight and quality of workmanship at the shop where material is manufactured. 
He shall furnish a suitable testing machine for testing full-sized members, if required. 

157. Starting Work. — The purchaser shall be notified well in advance of the start of the work 
in the shop, in order that he may have an inspector on hand to inspect material and workmanship. 

158. Access to Shop. — When an inspector is furnished by the purchaser, he shall have full 
access, at all times, to all parts of the shop where material under his inspection is being manu- 
factured. 

159* Accepting Material. — The inspector shall stamp each piece accepted with a private mark. 
Any piece not so marked may be rejected at any time and at any stage of the work. If the in- 

* See Addendum, clause (b). 
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spector, through an oversight or otherwise, has accepted material or work which is defective or 
contrary to the specifications, this material, no matter in what stage of completion, may be 
rejected by the purchaser. 

160. Shop Plans. — The purchaser shall be furnished complete shop plans. 

161. Shipping Invoices. — Complete copies of shipping invoices shall be furnished to the 
purchaser with each shipment. These shall show the scale weights of individual pieces. 

X. FULL-SIZED TESTS. 

162. Eye-Bar Tests. — Full-sized tests on eye-bars and similar members, to prove the work- 
manship, shall be made at the manufacturer’s expense, and shall be paid for by the purchaser at 
contract price, if the tests are satisfactory. If the tests are not satisfactory, the members repre- 
sented by them will be rejected. 

163. In eye-bar tests, the minimum ultimate strength shall be 55,000 lb. per sq. in. The 
elongation in 10 ft., including fracture, shall be not less than 15 per cent. Bars shall generally 
break in the body and the fracture shall be silky or fine granular, and the elastic limit as indicated 
by the drop of the mercury shall be recorded. Should a bar break in the head and develop the 
specified elongation, ultimate strength and character of fracture, it shall not be cause for rejection, 
provided not more than one-third of the total number of bars break in the head (see 136). 


ADDENDUM TO GENERAL SPECIFICATIONS FOR STEEL RAILWAY BRIDGES. 

POINTS TO BE SPECIFICALLY DETERMINED BY BUYERS WHEN SOLICITING PROPOSALS FOR STEEL 

RAILWAY BRIDGES. 

When general detail drawings are not furnished for the use of bidders specific answers should 
be given to questions a, b and c, below. 

Specific answers should also be given to questions d, e and f if the class of work described in 
any of the paragraphs there referred to is desired. If these features are not sj^cifically demanded, 
the unbracketed paragraphs will be construed to define the kind of work desired. 

(a) What class of live load shall be used? (Pars. 7 and 8.) 

(b) Shall linseed oil or paint be used? If paint, what kind? (Par. 151.) 

(c) Shall contractor furnish floor bolts?. 

(d) Shall general reaming be done? (Par. 121.) 

(e) Shall field connections be assembled at the shop? (Par. 135.) 

(f) Shall floor connection angles be milled after riveting? (Par. 129.) 



INSTRUCTIONS FOR THE DESIGN OF RAILWAY BRIDGES.* 


The following instructions for the design of the details of railway bridges have been prepared 
by the engineering department of the Chicago, Milwaukee & St. Paul Railway, 1912. 

RIVETS AND RIVET SPACING. — i. For conventional signs, actual sizes of heads and 
lengths of field rivets for various grips, see Fig. 10, Chap. XII, and Table 109, Part II. 

2. Size. — Rivets for steel bridge work shall usually be i in. diameter, except where limited 
by size of material. In very heavy work, where rivets of long grip are required, such as in the 
drums of draw spans, i in. rivets are preferable. 

3. Flattened. — Rivet heads are not to be flattened to less than | in. high. 

4. Countersunk. — Where heads less than | in. high are required, they shall be countersunk. 
The conventional signs for countersunk rivets mean that rivets shall be countersunk and chipped. 
Where chipping is not required, it should be so noted on the drawing. Countersunk rivets should 
be avoided whenever possible. 

5. Clearance of Heads. — In determining clearance the heights of heads should be assumed 
as follows: 


Full head } in. rivet. f in. high 

Full head | in. rivet f in. high 

Full head i in. rivet A in. high 

Head flattened to | in. rivet i in. high 

Countersunk, not chipped j in. high 


6. Spacing. — In spacing rivets the use of fractions smaller than } in. should be avoided. 
Where unavoidable, locate in such a way as to cause the least number of repetitions. 

Locate splices and stiffeners with a view to keeping the rivet spacing as regular as possible. 

7. Stagger and Clearance. — For distances center to center of staggered rivets and clearance 
required for driving, see standards. In special cases where the prescribed clearances are im- 
possible, allow at least J in. clearance for J in. and i in. rivets and xV i*^* for i in. rivets, from the 
edge of the rivet head to the nearest surface or other obstruction. 

In the connection of cross-frames to girders, and in small lug angles and detail angles, rivets 
must be spaced so that they will not interfere with each other in driving. 

In girder flange angles, the rivets in the “flange” legs should stagger at least i in. with rivets 
in the “web” legs, but should be staggered uniformly. 

RIVETED CONNECTIONS. — i. Grouping. — Rivets should be grouped to insure that 
the line of applied stress passes as near as possible through the center of the group of rivets which 
resists that stress. Where the eccentricity is marked, the stress on the extreme rivet due to this 
eccentricity shall be computed and when properly combined with the direct stress shall not exceed 
the allowable stress p)er rivet. 

2. Gusset Plates. — Gusset plates shall have such a thickness as will on any section develop, 
in bending and shear, the full stress which has been transmitted to it by the rivets outside the 
section. 

3. Clearance. — The clearance between chords and web members entering same and other 
similar riveted connections shall be not less than J in. in heavy structures and ^ in. in light 
structures. 

PINS AND PIN PACKING. — i. Pins. — Pins shall be proportioned to carry the reactions 
of the stresses in all the members meeting at a point at unit stresses specified. In computing 
bending moment on pins, assume each load concentrated at its center of bearing. 

2. Pin Packing. — Observe the following rules regarding arrangement of eye-bars and pin 
plates: 

(1) Arrange pin packing so as to reduce bending moment on pin to minimum. 

(2) Leave at least Ar clearance between adjacent surfaces. 

(3) Provide an additional clearance in the length of the pin of not less than i in. 

(4) When two or more pin plates are riveted together, allow ^ in. for each plate, in addition 
to its nominal thickness. 

(5) Where hinge plates are used allow J in. clearance between hinge plates and faces of con- 
necting members. ^ 

(6) Adjacent surfaces of eye-bars composing a member shall have a clearance of } in. to 
allow for painting. 

(7) All eye-bars are to lie in planes as nearly as possible parallel to the center line of truss, 
no divergence exceeding one inch in 16 ft. being permitted. 

* Prepared by the engineering department of the Chicago, Milwaukee & St. Paul Ry.; 
Mr. C. F Loweth, Chief Engineer, and Mr. J. H. Prior, Office Engineer. 
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(8) Where distance between adjacent surfaces is | in. or more, filler rings shall be provided 
to prevent lateral motion, but the aggregate length of such filler rings shall be J in. less than the 
neat length required, after making necessary allowances for packing. 

(9) The neat grip of pins shall be the distance out to out of outside surfaces after making 
allowances for clearance. 

(10) The ordered length of pins between shoulders shall exceed the neat grip by the following 
allowances: 

For pins of 3J in. diam. or less, allow i in. 

For pins of 3I in. diam. to 6 in. diam., allow J iiv 

For pins of 6i in. diam. to 9i in. diam., allow J in. 

GIRDER WEBS. — Width of Web Plates. — On deck girders the web must usually project 
} in. above the back of the top flange angles, to receive the notches in the track ties, except for 

concrete deck floors where the slabs rest on a top cover plate. In other cases, where no cover 

plates are required, the web must be flush with the top flange angles. At the bottom flange in 
all cases, and at the top flange where cover plates are required, the web may be set back i in. 

Web plates shall not be ordered in widths having a fraction of an inch less than i in. 

Thiclmess. — Web plates should have a minimum thickness of ^ in. At web splices J in. 
clearance between ends of web plates shall be allowed. 

Web Splices Location. — Web splices for girders, when required, should preferably be placed 
near the third or quarter points, and never when avoidable at the point of maximum moment. 

Size. — Web splices should be of sufficient width to take two lines of rivets through each 
section of the web spliced. When not under floorbeam connection angles, J in. clearance may be 
allowed top and bottom. 

Moment Splices. — In addition there should be splice plates on the vertical legs of the flange 
angles, designed to splice the portion of the web covered by the flange and where thus spliced, the 
resisting moment on the web may be taken as equivalent to that of i of its gross area considered 
as flange section. 

Where the splice plates on the flange angles are omitted, the rivets in the flange angles for a 
distance of one foot cither side of the splice may be considered as part of the group of splicing rivets, 
and account shall be taken of the longitudinal shearing stress on these rivets as well as the stress 
due to the splice. 

Riveting. — The riveting shall, where practicable, be such as to develop the full strength of 
the web, and shall always be such as to develop the actual moment carried by the web at any point; 
this being determined by multiplying the total moment on the section by the ratio of i of the gross 
web section to the total flange area, including this web equivalent. Splices shall also be designed 
to carry the total shear on the section due to the assumed loading. 

GIRDER FLANGES, — i. Composition. — .At least J of the area of the flange section should 
consist of angles, or else the maximum size of the latter be used, and in no case should the center 

of gravity of the flange come above the flange angles. For location of center of gravity for various 

types of flange and sizes of material, see^Table 88, Part II. 

2. Composition of flanges shall preferably be as follows: 

(1) 6" X 6" angles without cover plates. 

(2) 6 " X 6" angles with 14 in. or 16 in. cover plates. 

(3) X 8" angles with 17 in. or 18 in. cover plates. 

(4) 8" X 8" angles with 2 or 4-6" X 4" angles, without cover plates. (Type A4.) 

Thickness of flanges without cover plates shall not be less than the width of the outstanding 

leg of the angle. 

3. Net Section. — The riveting in the tension flanges shall be computed according to method 
shown in Tables 109 to 113, Part II. Where the spacing of flange rivets is not known in advance, 
about the following allowances shall be made. In detailing flange riveting, where there is not a 
considerable excess of flange section, endeavor to keep within these allowances: 

(1) Flange angles without cover plates and without lateral bracing connections, each angle — 

one hole out. ^ 

(2) Flange angles without cover plates, but with lateral connections, each angle — ij holes 

out. 

(3) Flange angles with cover plates, each angle — two holes out. 

(4) Cover plates — two holes out. 

4. Cover Plates. — Cover plates shall have the same thickness or shall diminish in thickness 
from the flange angle out. In determining length of cover plates, the curve of maximum moments 
shall be established and plates shall be made i ft. longer at each end than the theoretical require- 
ment. 

5. Flange Splices. — Flanges shall never be spliced unless it is impossible to get material of 
the required length. Where flange splices occur the following requirements shall be observed: 
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fi) Splices shall always be located at points where there is an excess of flange section. 

(2) No two parts of the flange shall be spliced within 2 ft. of each other. 

(3) Flange angles shall be spliced with a splice angle of equal section riveted to both legs of 
the angle spliced. Where this is impossible, the largest possible splice angle shall be used, and the 
difference made up by a plate riveted to the vertical leg of the opposite angle. 

(4) In splicing cover plates where one or more plates intervene between the splice plate and 
the cover plate which it splices, the requirement of paragraph 57 of the A. R. E. A. Specifications 
for Design shall be -observed. 

(5) Rivets in splice plates and angles shall be located as close together as possible, in order 
that the transfer may take place in a short distance. 

(6) No allowance shall be made for abutting edges of spliced members of the compression 
flange. 

6. Flange Riveting. — Rivets connecting flange to the web shall be sufficient to resist at any 
point the longitudinal shear combined with any load that is applied directly to the flanges. The 
wheel loads where ties rest directly on the flanges shall be assumed to be distributed over 3 ft. 

The pitch of rivets between flange and web at any section may be computed by the formulas: 

For through girders, p = R * d/S. 


For deck girders, p = 




P = longitudinal spacing of rivets in inches; 

R = value of one rivet in bearing or double shear in pounds; 
d = distance center to center of flanges in inches; 

S == total maximum shear in pounds at the section, reduced in the ratio of the net area of 
flange angles and plates to the net area of flange plus J the gross web section. 

W = one wheel load plus 100 per cent impact. 

7. Maximum Spacing. — Maximum spacing of rivets between flanges and web shall be: 


Top flange, deck girders 3} in. 

Top flange, through girders 4i in. 


For convenience in shop work, spacing of rivets in top and bottom flanges shall be exactly 
alike where possible. 

8. Rivets in Cover Plates. — Where it is necessary to compute spacing of rivets connecting 
cover plates to flange angles, the following formula may be used; 

p — n • R ' dIS X A la 

where R = value of one rivet in single shear or bearing; 

n = number of rivets on one transverse line through cover plates and flanges; 
a = total area of cover plates at section; 

A — area of entire flange at section; 

S and d, as in section 6, “Flange Riveting.” 

The pitch as computed by this formula shall be diminished 15 per cent for every cover plate 
more than one. Rivets in cover plates shall preferably stagger half way with the rivets in the verti- 
cal legs of the flange angles. The maximum spacing shall be 6 in. 

9. Circular Ends. — For through spans with circular ends, the end angles should be spliced near 
the ends, as the full length angles cannot be handled in making the benrls. 

Rivets through cover plates on circular ends must be spaced close enough to draw the plates 
tight against the angles. The smaller the radius, the closer rivets should be spaced. 

10. Overrun of Angles. — In plate girders whose top flange is composed of four or more angles, 
about I in. should be allowed between the edges of angles to allow for overrun. 

n. Gage in Cover-Plates. — On girders which arc similar, but which have webs of different 
thickness, the gage in the angles should be left the same and the gage in the cover plate varied to 
suit the web thickness. 

GIRDER STIFFENERS. — Intermediate Stiffeners. — Intermediate stiffeners, except at con- 
centrated load, may be offset, and shall bear tightly against top and bottom flange. The ordered 
length of offset stiffener angles shall be the finished length plus the thickness of each angle over 
which it is offset. 

Size of Stiffeners. — In general, the minimum size of stiffeners bearings against 6" X 6" 
flange angles shall be 5" X 3i" X and against 8" X 8" flange angles shall be 6" X 3i'' 

X I". 

Field riveted stiffeners at floorbeams of through girders may have | in. clearance at the top. 
Fillers under end stiffeners and under concentrated loads must bear on bottom flange, but may 
have i in. clearance at top. 
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Rivets in Stiffeners. — Rivets in stiffener angles may have the maximum spacing, except that: 

(a) Rivets in end stiffeners and stiffeners at concentrated loads shall develop the full computed 
stress in the stiffeners. 

(b) Spacing of rivets in end stiffeners, intermediate stiffeners, and web splices shall be identi- 
cal, except that rivets in any line may be omitted where possible without exceeding the maximum 
specified pitch, in order to minimize shop work of punching. 

Holes for Hand-Hooks.— All stiffeners on deck girders with concrete decks and ballast floors 
should have holes punched in the outstanding legs for inserting hand-hook to support a person 
inspecting bridge. Holes should be in. diameter and located 6 in. from top flange on shallow 
girders and 6 ft. from bottom flange on deep girders. Gage line of hole to be i i in. from outer 
edge of angle. 

STRINGERS AND FLOORBEAMS. — i. Stringers. — Stringers for through girder spans 
may be either I-beams or built girders. Where I-beams are used two stringers shall be placed 
under each rail. Depth of stringers shall depend on available distance from base of rail to “low 
bridge”; depth shall be preferably i to i, but not less than the panel length. 

2 . l^oorbeams. — Depth of floorbeams shall be such as to allow stringers to be framed readily 
into the web, and not less than J of the distance center to center of girders or trusses. 

3. Stringer Connections. — Stringers shall be riveted to webs of floorbeams with f in. con- 
nection angles. Conn^tion angles are to be faced to provide uniform bearing against webs of 
floorbeams. Make stringers ^ in. short at each end for clearance in erecting. 

4. Floorbeams for Through Girders. — ^The gusset plates connecting floorbeams to main 
girders shall, wherever possible, extend to the top of the girder and shall have an angle riveted 
along the edge, to form an effective stay for the top flange of the main girder, and they shall also 
form the webs of the end portions of the floorbeams, extending out toward the center as far as the 
clearance line will allow, and being there spliced to the main web. 

5. Floorbeams for Truss Bridges. — Floorbeams for truss spans shall preferably be riveted to 

the vertical piosts or hangers, extending the connection angle above the top flange where necessary 
to secure sufficient rivets. When it is necessary to cut away the lower corner of the floorbeam to 
clear the chord, special care shall be taken to so reinforce the web as to carry the end shear into 
the connection angles. 

TRUSS AND TOWER MEMBERS. — i. Top Chord and End-post. — The top chord and 
the inclined end-post shall usually consist of two built channels, with a thin cover plate on top 
and with bottom flanges latticed. The bottom flanges shall be made heavier than the top, in 
order that the gravity axis may come as close as possible to the center line of the webs. 

2. Verticals and Rigid Tension Members. — Intermediate pwsts shall usually consist of two 
rolled or built channels latticed. Hip verticals and similar members and the two end panels 
of the bottom chords of single track pin-connected trusses shall be rigid, and may consist either 
of two rolled or built channels latticed; or of four angles latticed to form an I-section. 

3. Eye-bars. — Eye-bars shall be used for all bottom chord members and main diagonals that 
do not require to be stiffened in pin-connected trusses. Dimensions of heads shall be according 
to manufacturers shop standard. Length of eye-bars shall be given on the drawings, center to 
center of pin holes, and also back to back of pin holes. 

A. E<xentricity. — The line of applied force must coincide with the gravity axes of built 
members or else the member must be designed for combined direct stress and flexure due to the 
eccentricity of the applied load. 

5. Bending Due to Weight. — Bending moment in the top chord and end-post due to weight 

p 

of member may be computed by the approximate formula, ^ M-cII, where P = total direct 

stress in the member; A = gross area of the section of the member; M = bending moment at the 
section of the member in in.-lb.; c =» distance to extreme fiber; and I = moment of inertia of the 
section of the member, and the stress from such bending shall be deducted from the average 
compressive stress allowed by the column formula. 

6. Bending in End-posts. — In computing stresses in the end-post of through pin-connected 
trusses, due to wind force, where the end-post consists of two built or rolled channels, if the product 
of the wind reaction in the top chord times one-half the distance from the foot of the post to the 
lowest connection of the p)ortal bracing does not exceed the product of the dead load stress in one 
of the channels composing the end-post times the distance center to center of the bearings df the 
channels on the pin, the post may be considered fixed-ended and the point of contra-flexure 
assumed midway between the foot of the post and the lower connection of the portal bracing. 
Otherwise it must be considered pin-connected. The end-posts of riveted through trusses shall 
be considered as fixed-ended columns. 

7. Over-run of Angles. — Where side plates are used on chord sections placed between the 
flange angles, at least } in. clearance should be allowed between the edges of the plate and the 
angles to allow for over-run of angles. 
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8. Clearance for Rlvetixig. — When flanges of angles and channels of built members are turned 
in. 5i in. opening between edges of angles or channels is required to rivet the tie plates and lacing. 

LATERAL AND SWAY BRACING. — i. Minimum Sizes. — The minimum size of angles 
to be used in bracings shall be 3i" X 3" X i". Not less than three rivets shall be used in the 
connection. 

2 . Effective Section. — Where single angles are used for bracing members without lug angles 
connecting the outstanding leg to the gusset plates, not more than 80 per cent of the net section, if 
in tension, shall be considered as effective. 


Where single angles, used for bracing members, have lug ancles connecting their outstanding 
legs to the gusset plates, and where the center of the group of connecting rivets in the gusset 
plates fall close to the gravity line of the angle, in plan, 90 per cent of the net section may be 
considered effective. 

3. Double Diagonal Systems. — In double diagonal systems the shear due to wind force shall 
be considered as carried wholly by one diagonal in tension, but the maximum value of Ijr = 120, 
specified for bracing members, shall not be exceeded. In assuming “r” the connection of di- 
agonals at their intersection may be considered as offering support against deflection in the plane 
ot the system, but not against deflection perpendicular thereto. 

4. Bending at Connections. — Connections between bracing members and chords shall be 
designed to avoid as far as possible any bending stress in main truss members. 

Allowance for Draw. — For diagonal bracing of one or two angles the following draw 
should be allowed: 

For lengths up to 10 ft. No Allowance. 

from 10 to 21 ft. Allow 3V in. 

from 21 to 35 ft. Allow i in. 

over 35 ft. Allow A in. 

The use of thirty-seconds of an inch should be avoided but the above allowances should not be 
varied ^ more than A in. 

LATERAL BRACING. — i. Lateral Bracing. — Lateral bracing shall be in general as follows: 

(1) Deck girders and top flanges of stringers 15 ft. long and over; single diagonal system with 
transverse struts, composed of single angles. Slope of diagonals 45° to 60® with axis of bridge. 

(2) Through girders: Double diagonal system of same panel length as floor system, com- 
posed of single angles; floorbeams to act as the transverse struts of the system. 

(3) Trusses, loaded chord: Double diagonal systems of same panel length as floor systems, 
comjwsed of single angles, or double angles back to back; floorbeams to act as the transverse 
struts of the system. 

(4) Trusses, unloaded chord: Double diagonal systems of same panel length as floor system 
with transverse struts at panel points; all composed of two or four angles laced to form a channel 
or I-section, of depth equal to depth of chords. 

2. Traction Stresses. — The lateral system in the plane of the loaded chord of truss spans and 
of through girder spans shall be effectively riveted to the stringers at intersections, and the diagonal 
shall be designed to transmit the traction for one panel length of track to the panel point; one 
diagonal for each stringer considered acting in tension. 

3. Clipping Angles for Clearance. — The vertical leg of laterals should be clipped at the end 
when there is a possibility that the square corner would interfere in any way with putting in the 
laterals or riveting up. This is to be particularly looked out for at floorbeam connections of 
through girder spans and in top laterals of Type A4 girder spans. 

4. Squaring of Holes in Connections. — Where laterals are riveted to stringers the holes 
should be squared with the stringers, if possible. At the intersection of diagonals, the holes in 
splices with two lines of rivets should be squared with lateral and skewed on the splice plate. 

5. Tie Plates and Lacing Symmetrical. — Where laterals have tie plates or tie plates and lacing 
bars, they should be detailed symmetrically so that the angles will be identical by turning end for end. 

6. lateral Plates C3 and C4 Spans. — ^The lateral plates of Type C3 and Type C4 girder 
spans (flanges two angles and cover plates) should not be shop riveted to the girders, as it is 
impossible to put in floorbeam connection angles when this is done. 

TRANSVERSE BRACING. — i. Transverse bracing shall be used as follows: 

(1) At intervals of not more than 15 ft. on deck girder sp)ans. Intermediate frames shall be 
of m^imum material. End frames shall be designed to carry to the abutment the total lateral 
forces acting on the top flange. End frames of skew deck girders shall be placed at the end 
of the short girder, and at right angles to same. Top and bottom lateral diagonal braces shall 
be used to stay the end of the long girder. 

(2) As spacers for strinp^ers resting on masonry where end floorbeams cannot be used. These 
frames shall be riveted to girders or truss shoes where practicable. 

(3) As spacers for stringers at all expansion points. 

(4) At end panel of through truss spans, having vertical truss members. These frames 
•hall as deep as clearance will permit. 
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(5) Through truss spans shall have riveted portal braces rigidly connected to the end-posts 
and top chords. They shall be as deep as clearance will allow, and shall be designed to carry to 
the abutment the total wind force acting on the top chord. 

(6) At panel points of deck truss spans, having vertical members. Intermediate frames 
shall be designed to carry i the panel concentration of wind and centrifugal force to the bottom 
chord and the end frame shall be designed to carry i the total wind and centrifugal force acting 
on the top chord to the abutment. 

Frames for (i), (2) and (3) shall consist of single angle struts, top and bottom and double 
diagonals. Frames for (4) may consist of knee braces attached to the top lateral struts, but pre- 
ferably where clearance permits, of light open webbed girder. Portal frames shall consist of o^n 
webbed girders, with knee braces connections to inclined posts. Frames for (6) shall consist of 
double diagonals running between floorbeams and lower lateral struts and composed of two angles 
back to back, or of two or four angles laced. 

2. Diaphragms for Twin Deck Spans. — Diaphragms connecting two pairs of twin girders 
are to be omitted on shallow spans. Where the girders exceed 3 ft. 6 in. in depth, diaphragms shall 
be added for rigidity They shall be connected to girders with field bolts. 

3. End Cross Frames and Diaphragms. — In the design and location of end cross frames and 
diaphragms their shape and position shall be such as to give access to the space between the 
girders for inspection, painting and the placing of anchor bolts. 



APPENDIX I. 

Progress in Railway Bridge Design and Specifications 

1924. 

PROGRESS IN RAILWAY BRIDGE DESIGN.— When this book was written, 1914, E 50 
loading was sufficient for all except a few very heavy engines, see Table II, while a few railways 
were using an E 60 loading. In ten years the live loads on railway bridges have increased so that 
E 60 loading is now the standard loading for most main lines, with a few roads using E 70 
on certain heavy traffic sections. While the 1920 A.R.E.A. Specifications for Railway Bridges 
have been adopted by several roads, and give promise of quite general use, very few bridges have 
as yet been designed under these specifications. For several years both the 1910 and the 1920 
A.R.E.A. specifications will be in general use. For the above reasons it has been decided not 
to rewrite this chapter but to add new material as an appendix. The essential parts of the 1910 
A.R.E.A. specifications have been retained, while the 1920 A.R.E.A. specifications as amended 
to May, 1923, are printed complete with the exception of the specifications for materials. 

STANDARD BRIDGE DESIGN. — A standard design for a 200 ft. span single track rail- 
way bridge prepared by the American Bridge Company is given in Fig. 41, Fig. 42 and Fig. 43. 
The stress sheet is shown in Fig. 41, while the design details are shown in Fig. 42 and Fig. 43. 
This standard desi^ was prepared by the American Bridge Company in 1919, and complies with 
the A.R.E.A. 1910 Specifications for Railway Bridges, for an E 60 loading. This ilesign represents 
standard practice. The allowance for impact in the 1910 A.R.E.A. specifications is somewhat 
greater than in the 1920 A.R.E.A. specifications, and this bridge is therefore probably slightly 
heavier than an E 60 bridge built under 1920 A.R.E.A. specifications. The impact allowance 
fur a loaded length of 100 ft. is 75 per cent of the live load in both the 1910 and the 1920 A.R.E.A. 
specifications, while for a loaded length of 200 ft. the impact allowance in the 1910 specifications 
is 60 per cent, and in the 1920 is 42 per cent of the live load. For a loadcnl length less than 100 ft. 
the impact allowance in the 1920 specifications is slightly greater than in the 1910 specifications. 
The chords and main web members of a 200 ft. span bridge designed under the 1910 A.R.E.A. 
sjiecifications will be somewhat heavier than the corresponding members designed under the 
1920 A.R.E.A. specifications, while the floor system will weigh slightly less. 

RAILWAY BRIDGE SPECIFICATIONS IN 1924. — Since the second edition of this book 
three general specifications for steel railway bridges have been prepared, (i) The American 
Railway Engineering Association adopted a revised “ (icneral Specifications for Steel Railway 
Bridges ” in 1920. These specifications as revised to May, 1923, are printed in the last part of 
this chapter. (2) A SiK’dal Committee on Specifications for Bridge Design and ('onstruction 
of the American Society of Civil Engineers has prepared “ Specifications for Steel Railway Bridge 
Superstructure.” These specifications are printed in Trans. Am. Soc. C. E., Vol. 86, pp. 471 
to 531, 1923. (3) The Canadian Ihigineering Standards Committee has prepared a sjx?cification 

for railway bridges that has been generally adopted by the railways in Canada. These specifica- 
tions as ado])ted in 1920 and revised in 1922 agree in all essentials with the A.R.E.A. specifications. 
The most imi^xirtant features of specifications (1) and (2) will be briefly discussed. Specification 
(3) is in substantial agreement with specification (1). 

Clearances. — Both si)ecifications specify a horizontal clearance of 16 ft., and a vertical 
clearance of 22 ft. above the top of rail. 

Live Loads. — The A.R.E.A. specifications specify a live load of E 60 followed by a train 
load of 6,000 11). per lineal ft. or tw'o concentrated axle loads of 75,000 lb. each, axles spaced 7 ft. 
In special cases E 45 loading may be specified. A detailed study of the relativ^c effect of the various 
engine loadings in use and the E loading is published in Proceedings Am. Ry. Eng. Assoc., Vol. 21, 
p. 561, also in I'rans. Am. Soc. C. E., Vol. 86, p. 532, 1923. 

As a res It of this study, the Cooper series was recommended by the bridge committee of 
the American Railway Engineering Association and adopted by that Association. The reasons 
presented by the Committee were as follows: 
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1. — “No one existing type of locomotive loading gives maximum moments and shears for 
spans of all lengths, whereas the system recommended does approximate the high points of the 
curves of all the existing types. 

2. — “This system of loading produces stresses slightly smaller in short-span bridges and 
slightly greater in long-span bridges than tho^ produced by the heaviest types in operation, 
which provides adequately for the engines now in use, and for future development in engine and 
car loadings which will increase the load per foot on long structures. 

3. — “This system is the adopted standard of measurement of strength of existing bridges on 
the majority of roads, and, having been in use for a number of years, conveys a clear picture 
to engineers and operating officials.” 

While several roads, including the New York Central Lines, the Lake Erie and Western, 
the Santa Fe System and others have adopted an E 70 loading on main lines, bridges designed 
for E 60 loading will carry all except a very few of the heaviest engines without exceeding the 
A.R.E.A. unit stresses. The stresses due to the heaviest locomotives in per cent of stresses due 
to E 60 are given in Table XVII. This table contains all maximum moments and shears except 
for Engine No. 4, which has a relative moment of 1.03 and a relative shear of i.oi for a 40 ft. span. 

The A.S.C.E. specifications specify a live load of E 60 as above, or a live loading of M 50, 
for main line bridges. A moment table for a M 10 loading is given in Table XVI II. The loads 
in the M loading that will produce maximum stresses are given in Table XIX. A conversion 
table, class E to class M Engine loading, is given in Table XX. The M loading was proposed 
by Mr. D. B. Steinman in a paper ” Locomotive Loadings in Railway Bridges.” Trans. Am. 
Soc. C. E., Vol. 86, pp. 606 to 737, 1923. The equivalent E loadings for M 50 loadings, up to 
spans of 250 ft. may be calculated from Table XX. The ratings for longer spans are taken 
from Mr. Steinman's paper and are shown in Table XXL 


TABLE XVI 1. 

Heaviest Locomotives and Relative Stresses for Spans of 30 Ft., ioo Ft. and 200 Ft. 
From Trans. Am. Soc. C. E., Vol. 86, p. 533, 1923. 


No. 

Engine 

Proportional Stress for Sr>an 

30 ft. 

100 ft. 

200 ft. 

Moment 

Shear 

Moment 

Shear 

Moment 

Shear 


E60 

I.OO 

1.00 

1.00 

1.00 

1.00 

1.00 

I 

2 Engines 4-8-2B 

•93 

.92 

.88 

•8s 

•91 

.88 

2 

2 Engines 4-6-2 B 

.84 

.85 

.83 

•79 

.84 

•84 

3 

I Engine 2— 6— 6— 2B 

.87 

•93 

•95 

•93 

.83 

.87 

4 

2 Engines 2-10-2B 

1.02 

1.00 

.96 

.90 

.91 

•94 

5 

2 N.Y.C. R.R. Engines H-7A2-8-2 

•99 

•99 

.89 

.87 

.88 

.88 

6 

2 N.Y.C. R.R. Engines 2-8-2 

.86 

,87 

.82 

.80 

•83 

•83 

7 

2 Santa Fe Type Engines 2-10-2 

.92 

.89 

•94 

.88 

•98 

•94 

21 

I Virginian Ry. Engine 2-8-8-2 

I.OI 

I.OI 

1. 19 

1.08 

•95 

.96 

22 

I L.S. & M.S. Engine 0-8-8-0 

.96 

•99 

1.00 

•99 

.82 

.90 

23 

I Virginian Ry. Engine 2-10-10-2 

1. 12 

1.09 

1.23 

I. IS 

1.07 

1.09 

24 

2 Erie Engines 2-10-2 

1. 16 

1. 14 

I. OS 

.98 

.98 

•99 

^5 

I Erie Engine 2-8-8-2B 

•99 

.98 

1.08 

1.02 

•91 

•94 

26 

2 Penn. R.R. Engines NIS, 2-10-2 

1.27 

1.27 

I. II 

I.OI 

1.00 

I. os 

All locomotives followed by 210,000 lb. cars. 
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Moments 

ji 

Axleloadi ^ 

J 

IN ThC 

c 

e 

) (1 

)USA 

e 

c 

ND F 

Clas 

c 

' e 

'OOT 

O 

c 

-POU 

[-10 

o 

e 

NDS, FOR Cl 

Engine Lc 

tc 

© 

ASS 

ladii 

IC 

£ 

M-i 

%c 

0 E^ 

lO 

e«; 

?GIN1 

to 

O' 

E Loading. 

1.0 k.per lin.fbk 
uniform load 

Wheel Num 
Spacing 



'mwMm 

bera 

1 

2 

3 

4 

5 

6 

7 

1* 6 T- 

8 

9 1 

0 1 

1 


in feet 

0 15 


m 

mm 

B 

m 

.0 67 

5 8C 

.0 92 

.5 101 

.0 11 

.6 11 

IS. 

\ 

a 

0 

1 

Kips 5 

Feet ( 

Kips 11 

1 

r.6 ii: 


5 S 

.5 9i 

0 2 

.5 82 

6 3i 

.5 72 

0 4 

.6 62 

5 61 

^6 60 

c 

.0 87 

6 61 

.6 25 

) 6 

.0 12 

S 7 

p5 : 

Feet 7 

) 6 

Lj 

j 


5 4 

) 2 

M 

■ 

■ 



Moments of Wheel Loads 

About 

Cod of Train 

8787.6 



mi 

1787.5 

1337.6 






b 

e 

a 

Z 

I 

D 

8200,0 



imi 


975 0 



B 


WM 


■1 

2675 0 



QQ] 



QlQ 

im 




B 

2212.5 


DSEI 

CBE 

mQ 


ms 


M 


8 

1812.5 

1562.5 

1162.5 

812.5 

IQQQ 

262.6 

62.6 

1 62.5 

187.6 

376.0 

7 

1475 0 

1250.0 

900.0 

600 0 

ES39 

160 0 

ms 

ms 

imQ 

ims 

6 


600 0 

1^21 

160 0 

60 0 

187.5 

lESS 

BE 


IBS 

6 

42S.0 


160.0 

mo 

60 0 

800 0 

ms 

BE 

ms 

B 

4 

2S0.0 

1500 

600 

600 

150.0 



ESE 

Qim 


8 

125.0 

600 

60.0 

150 0 

800.0 


[ms 

qE 


IBE 

2 

60.0 

600 

160.0 

800.0 

600 0 

987.6 

ms 

ims 

BE 

12121 

■ 


1 

100 0 

103 

m 

B 


1662.6 


B 



■ 
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TABLE XIX. 

Wheel Determining Maximum Moment for Class M Engine Loading 
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TABLE XX. 

Conversion Table, Class E to Class M Engine Loading. 

To Convert E-Ratinir to Equivalent M-Ratinff Multiply by the Coefficients in this Table 
To Convert M-Ratins to Equivalent E- Rating Divide by the Coefficients in this Table 

Class E-10 Engine Loading 

lo 00^0 ^ oooo (otOfoto^ p6r IlD* ft# 


c 

K 



E- J 

K 

M 

IS. 



10 

X 

iO 

t J 

IL 

11 

L T of tr»clc 

)(p 


♦si- 

♦6i. 



45*. 


*5* 




*f}> 



^5* 

4-6^ 



Class M-10 Engine Loading 

ta kA ua 

«a o o o o o M N 04 N 1 kip p«r tin. ft. 


M 


M 

M 


M 

^ (1 


M 


M 

' oi iracK 


*-ioJ 




♦6^ 

< 15-—^- 

♦5* 

♦5* 

[^5> 


- 46 * 


Span 
length, 
in feet 

Maximum 

moment 

Maximum 

shear 

Maximum 
floor beam 
reaction 

Span 
lengfth, 
in feet 

Maximum 

moment 

Maximum 

shear 

Maximum 
floor beam 
reaction 

10 

0.800 

0.800 

0.800 

46 

0.755 

0.771 

0.777 

11 

0.801 

0.799 

0.769 

48 

0.759 

0.771 

0.777 

12 

0.800 

0.800 

0.747 

60 

0.765 

0.775 

0.778 

13 

0.800 

0.800 

0.732 

52 

0.769 

0.772 

0.782 

14 

0.801 

0.799 

0.730 

54 

0.769 

0.767 

0.786 

15 

0.800 

0.800 

0.729 

56 

0.774 

0.760 

0.793 

16 

0.800 

0.800 

0.727 

68 

0.777 

0.759 

0.803 

17 

0.801 

0.800 

0.725 

60 

0.779 

0.756 

0.812 

18 

0.800 

0.800 

0.724 

62 

0.781 

0.756 

0.818 

19 

0.800 

0.799 

0.729 

64 

0.782 

0.759 

0.825 

20 

0.800 

0.800 

0.739 

66 

0.785 

0.760 

0.831 

n 

0.300 

0.786 

0.716 

68 

0.785 

0.766 

0.837 

22 

0.786 

0.773 

0.754 

70 

0.786 

0.770 

0.845 

23 

0.772 

0.763 

0.757 

72 

0.784 

0.775 

0.850 

24 

0.760 

0.760 

0.761 

74 

0.781 

0.784 

0.857 

25 

0.751 

0.758 

0.764 

76 

0.782 

0.790 

0.862 

26 

0.743 

0.756 

0,765 

78 

0.778 

0.795 

0.867 

27 

0.735 

0.752 

0,770 

80 

0.776 

0.801 

0.873 

28 

0.731 

0.749 

0.774 

82 

0.775 

0.808 

0.877 

29 

0.729 

0.746 

0.778 

84 

0.775 

0.815 

0.881 

30 

0.730 

0.748 

0.778 

86 

0.776 

0.825 

0.885 

31 

0.729 

0.750 

0.779 

88 

0.774 

0.828 

0.887 

32 

0.728 

0.752 

0.782 

90 

0.774 

0.839 

0.893 

83 

0.726 

0.751 

0.786 

92 

0.774 

0.850 

0.895 

84 

0.726 

0.762 

0.788 

94 

0.777 

0.854 

0.898 

85 

0.724 

0.751 

0.789 

96 

0.777 

0.865 

0.901 

86 

0.726 

0.754 

0.786 

98 

0.777 

0.869 

0.906 

87 

0.728 

0.753 

0,782 

100 

0.776 

0.868 

0.909 

88 

0.731 

0.757 

0.781 

125 

0.823 

0.874 

0.937 

89 

0.732 

0.758 

0.782 

150 

0.859 

0.883 

0.953 

40 

0.738 

0.759 

0.782 

176 

0.886 

0.893 

0.964 

42 

0.745 

0.768 

0.779 

200 

0.906 

0.902 

0.971 

44 

0.752 

0.768 

0.776 

850 

0.939 

0.91<S 

0.981 




278 


STEEL RAILWAY BRIDGES. 


Chap. IV, 


TABLE XXL 

Equivalent E Loadings for M 50 Loadings. 


Span. ft. 

E Loading for Maxi- 
mum Moment 

E Loading for End 
Shear 

Si)an, ft. 

E Loading for Maxi- 
mum Moment 

E Loading for End 
Shear 

10 

E62.5 

E 62.5 

300 

E 52 5 

E 54.2 

50 

E65.4 

E64.S 

400 

E 51-4 

E S 3-3 

100 

E 64.4 

ES8.3 

500 

E 51.0 

E 527 

200 

Ess-2 

E SS -4 

600 

E 50.6 

E 52.4 


Impact. — The A.R.E.A. specification for impact is given in § 28 of the 1920 specifications. 
The A.S.C.E. specifications require that impact be calculated by the formula 


in which, 


7 = 5 


2,000 — L 
1,600 loL 


I = impact or dynamic increment to be added to live load stresses; 

S = computed maximum live load stress; 

L = loaded length of track, in feet, producing the maximum stress in the 
member. For bridges carrying more than one track, the aggregate 
length of all tracks producing the stresses shall be used. 

Impact shall not be added to stresses produced by longitudinal and lateral or wind forces. 
For bridges designed exclusively for electric traction, impact shall be taken as one-third of 
that given by the impact formula. 


TABLE XXII 

Comparison of Impact Formulas. 


Specifications 

Impact Ratio for Loaded Length in Feet 

0 

SO 

TOO 

200 

400 

1910 A.R.E.A 

1. 00 

.86 

•75 

.60 

•43 

1920 A.R.E.A 

1. 00 

.92 

•75 

•42 

.16 

1923 A.S.C.E 

1.25 

•93 

•73 

.50 

.29 


The impact ratios for several spans as calculateti for the impact allowance specified in the 
1910 and 1920 A.R.E.A., and the 1923 A.S.C.E. specifications are given in Table XXII. The 
A.S.C.E. impact formula gives larger ratios below 100 ft. than either the 1910 or 1920 A.R.E.A. 
impact formulas, and gives ratios that are practically the mean of these two formulas above 
100 ft. 

Allowable Stresses. — The A.R.E.A. allowable stresses are given in § 38 of the 1920 speci- 
fications. 

In the A.S.C.E. specifications the allowable compression on columns is given by the formula 

^ 16,000 

— — 

I -f- k 

i3»5oo 

in which: 

p == allowable unit stress; 

I * length of member, in inches; 
r *= least radius of gyration of member, in inches; 
but not to exceed the value for Ijr = 40. 
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In the A.S.C.E. specifications the shear in plate girder and I-beam webs, net section is 12,000 
lb. per sq. in., in place of 10,000 lb. per sq. in. on gross section in the A.R.E.A. specifications. 

Net Sections. — The A.R.E.A. specification for net sections is given in § 77 of the 1920 speci- 
fications. 

The A.S.C.E. specification for net sections is as follows: 

“ Net sections shall be used in all cases in calculating tension members; and, in deducting 
rivet holes, they shall be taken as J in. larger than the nominal diameter of the rivet. The 
weakening effect of a staggered rivet shall be allowed for by deducting from the transverse section 
a strip, w in width, as given by the formula 

w 

in which, 

w = width, in inches, of strip to be deducted; 

h = diameter of rivet hole, in inches; 

s = stagger, or longitudinal spacing of rivet with respect to rivet on last 
gauge line, in inches; 

g = distance between gauge lines, or transverse spacing, in inches.” 

Specifications for Material. — The A.S.C.E. specifications have adopted the A.S.T.M. speci- 
fications for Steel for Railway Bridges, while the 1920 A.R.E.A. specifications have adopted 
A.S.T.M. specifications with slight modifications as noted. 

Adoption of A.R.E.A. Specifications. — The following report of the adoption of the 1920 
General Specifications for Steel Railway Bridges is taken from the A.R.E.A. Bulletin, October, 
1923 - 

Out of 92 railways, 205,515 miles, 26 railways, 62,075 miles, have adopted the A.R.E.A. 
specifications in complete form; 36 other railways, 87,156 miles, have incorporated provisions 
of the A.R.E.A. specifications in their own specifications, while 17 railways, 21,089 miles, have 
signified that they will adopt the A.R.E.A. specifications in whole or in part. The A.R.E.A. 
specifications will soon be adopted in whole or in part on 83 per cent of the railway mileage. 

The roads that have adopted the A.R.E.A. specifications complete include the A.T. and 
S.F., 8,862 miles; C.B. & Q., 9,389 miles; C. & N.W., 8,402 miles; C.M. & St.P., 10,261 miles; 
Great Northern, 8,266 miles. The roads that find objectionable features that will prevent them 
from adopting the A.R.E.A. specifications include the Penn. System, 10,531 miles; and the 
Southern Pacific, 7,118 miles. 




GENERAL SPECIFICATIONS FOR STEEL RAILWAY BRIDGES. 

American Railway Engineering Association. 

For Fixed Spans Less Than 300 Feet in Length 
1920 

Second Edition — May, 1923 

1 . PROPOSALS AND DRAWINGS 

1. Definitions of Terms. — The term " Engineer ” refers to the Chief Engineer of the Com- 
pany or his subordinates in authority. The term Inspector " refers to the inspector or inspectors 
representing the Company. The term “ Company ” refers to the Railway Company or Railroad 
Company party to the contract. The term “ Contractor refers to the manufacturing or fabri- 
cating contractor party to the contract. 

2. Proposals. — Bidders shall submit proposals to conform with the terms in the letter of 
invitation. The pro|X)Sids preferably shall be based upon plans and specifications furnished by 
the Company showing the general dimensions necessary for designing the structure, the stresses 
and the general or typical details. Invitations covering work to be designed or erected by the 
C ontractor shall state the general conditions at the site, such as track spacing, character of 
foundations, old structures, traffic conditions, etc. 

3. Drawings to Govern. — Where the drawings and the specifications differ, the drawings 
shall govern. 

4. Patented Devices. — The C ontractor shall protect the Company against claims on account 
of patented devices or parts protx)scd by him. 

5. Drawings. — After the contract has been awarded and before any work is commenced, 
the Contractor shall submit to the Engineer for approval duplicate prints of stress sheets and shop 
drawings, unless such drawings shall have been prepared by the Company. The tracings of these 
drawings shall l)e the property of and be delivered to the Company after the completion of the 
contract. Shop drawings shall be made on the dull side of the tracing cloth, 24 by 36 inches 
in size, including margins. The margin at the left end shall be I5 inches wide, and the others 
i-inch. The title shall be in the lower right-hand corner. No changes shall be made on any 
approved drawing without the consent, in writing, of the Engineer. 

6. The Contractor shall be rcsmnsible for the correctness of his drawings, and for shop 
fits and field connections, although the drawings may have been approved by the Engineer. 

7. Any material ordered by the Contractor prior to the approval of the drawings shall be 
at his risk. 

II. GENERAL FEATURES OF DESIGN 

8. Materials Used. — Structures shall be made wholly of structural steel except w’here other- 
wise specified. C'ast steel i)referably shall be used for shoes and bearings. Cast iron may be 
used only where specifically authorized by the Engineer, 

9. Types of Bridges. — The different types of bridges may be used as follows: 

Rolled beams for spans up to 35 feet. 

Plate girders for spans from 30 feet to 125 feet. 

Riveted trusses for spans from 100 feet to 300 feet. 

Pin-connected trusses for spans from 150 feet to 300 feet. 

10. Number of Trusses. — Unless otherwise specified, double-track through bridges shall 
have only two trusses or girders, and four-track bridges three. 

11. Dimensions for Calculation. — The dimensions for the calculation of stresses shall be as 
follows: 

Span Length. — For trusses and girders, the distance center to center of end bearings. 

For fioorbeams, the distance center to center of trusses or girders. 

For strin^rs, the distance center to center of fioorbeams. 

Depth.— -For riveted trusses, the distance between centers of gravity of chord sections. 

For pin-connected trusses, the distance center to center of chord pins. 

For plate girders, fioorbeams and stringers, the distance between centers of gravity of flanges, 
but not to exceed the distance back to back of the flange angles. 
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12. Spacing of Trusses, Girders and Floorbeams.~The width center to center of girders or 
trusses shall be not less than one-fifteenth of the effective span, and not less than is necessary 
to prevent overturning under the assumed lateral loading. Panel lengths shall not exceed ij 
times the width c. to c. of trusses or girders. 



13. Clearances. — If the alinement is straight, clearances shall be not less than shown on 
the diagram. Fig. i. If the alinement is curved, the width of the diagram shall be increased so 
as to provide the same minimum clearances for a car 80 feet long, 14 feet high and 60 feet center 
to center of trucks, allowance being made for curvature and superelevation of rails. The height 
of rail shall be assumed as 6 inches. 

14. Deck Spans on Curves. — Deck spans on curves shall have the center line of the span 
placed, usually, so as to bisect the middle ordinate of and be parallel with the chord of the curve. 

15. Skew Bridges. — In skew bridges without ballasted floors, the ends of stringers or girders 
for each track shall be square with the track. 

16. Ambiguity of Stress. — Structures shall be designed so as to avoid, as far as practicable, 
ambiguity in the determination of the stresses. 

III. LOADS 

17. Loads. — ^The structures shall be proportioned for the following loads: 

a. The dead load. 

b. The live load. 

c. The impact or dynamic effect of the live load. 

d. The lateral loads and forces. 

e. The centrifugal force, including impact. 

f. The longitudinal force. 

Stresses due to these loads and forces shall be shown separately on the stress sheets. 

18. Members shall be proportioned for that combination of stresses which gives the maximum 
total stress, except as otherwise provided. 

19. Dead Load. — The dead load shall consist of the estimated weight of the entire suspended 
structure. Timber shall be assumed to weigh 4J pounds per foot B. M., ballast 120 pounds 
per cubic foot, reinforced concrete 150 pounds p^r cubic foot, waterproofing 150 pxjunds per cubic 
foot, and rails and fastenings 150 pounds per linear foot of track. If ballast is used, it shall be 
assumed level with the base of rail and the weight of the ties shall be neglected. Ballasted floors 
shall have at least 6 inches of ballast under the ties. 

20. Live Load. — The minimum live load for each track shall be as shown in Figs. 2 and 3, 
except as modified in Article 21. 

The loading that gives the larger stresses shall be used. 

21. In special locations, where the conditions limit the loading to light engines, a lighter 
loading, as stipulated by the Engineer, may be used, but not in any case lighter than three-fourtha 
of that specified in Article 20. 
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Other live loadings shall be proportional to the loading specified in Article 20, with the 
same wheel spacing. 

22. A train load of 1,200 pounds per linear foot of one track shall be used in determining the 
stability of spans and towers against overturning. 



Fig. 2. 


6000 lb. per lin. ft. 
Uniform Loa3 



23. Multiple Tracks. — In calculating the maximum stresses due to live load and centrifugal 
force when two, three or four tracks are simultaneously loaded, use the following percentages 
of the specified live load : 

For two tracks, loaded, 90 per cent. 

For three tracks, loaded, 80 per cent. 

For four tracks, loaded, 75 per cent. 

2A. Floors. — Wooden ties shall be designed for the maximum wheel load specified distributed 
over three ties and with 100 per cent impact added. The fiber stress shall not exceed 2,000 
pounds per square inch. The tics shall be not less than 10 feet in length. They shall be placed 
with openings not to exceed 4 inches in width and shall be secured against bunching. The maxi- 
mum dap of ties shall be ij inches. 

25. Floors consisting of beams transverse to the axis of the structure shall be designed for 
a uniform live load of 15,000 pounds per linear foot for each track, when the minimum live load 
specified in Article 20 is used. When heavier loadings are used, this uniform load shall be increased 
proportionately. 

26. Floors consisting of longitudinal beams shall be designed for the wdiecl loads specified. 

27. In ballasted floor bridges, the live load shall be considered as uniformly distributed 
laterally over a width of 10 feet. 

28. Impact. — The dynamic increment of the live load shall be added to the maximum com- 
puted live load stresses and shall be determined by the formula. 


I — S which 


I — impact or dynamic increment to be added to a live-load stress. 

S — computed maximum live-load stress. 

L — the length in feet of the portion of the span which is loaded to produce 
the maximum stress in the member. 

29. For bridges designed exclusively for electric traction, the impact stresses shall be taken 
as one-half of those given by the formula in Article 28. 

30. Impact shall not be added to stresses produced by longitudinal or lateral forces, or by 
the train load specified in Article 22. 

31. Eccentneity of Load on Curves, — For bridges on curves, provision sliall be made for the 
increased load carried by any truss, girder or stringer due to the eccentricity of the load. 

32. Lateral Forces. — The wind force on the structure shall be a moving load of 30 pounds 
per square foot on times its vertical projection on a plane parallel with its axis, but not less 
than 200 pounds per linear foot at the loaded chord or flange, and 150 pounds per linear foot 
at the unloaded chord or flange. 

The wind force on the train shall be a moving load of 300 pounds per linear foot on one track, 
applied 8 feet above the base of rail. 

33. The lateral force to provide for the effect of the sway of the engines and train in addition 
to the wind loads specified in Article 32, shall be a moving load equal to 5 per cent of the specified 
live load on one track, but not more than 400 pounds per linear foot, applied at the base of rail. 

34. The lateral bracing between compression chords or flanges and between the posts of 
viaduct towers shall be capable or resisting a transverse shear in any panel equal to 2^ per cent 
of the total axial stress in the chords or posts. 

35. In proportioning the bracing, Articles 32 and 33 shall be combined, or Article 34 used 
alone. 
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36. Centrifugal Force. — On curves, the centrifugal force (assumed to act 6 feet above the 
rail) shall be taken equal to a percentage of the live load including impact according to the following 
table: 


Degree of Curve 

0° 

20' 

0° 

40' 


2^* 

3' 

4° 

5 ° 

6** 

7° 

8° 

9° 

10° 

11° 

12° 

Percentage 

25 

5 

7 i 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

Speed in miles per hour 

80 

80 

80 

65 

S 3 

46 

41 

38 

35 

33 

31 

29 

28 

27 


37. Longitudinal Force. — Provision shall be made in the design for the effect of a longitudinal 
force of 20 per cent of the live load on one track only, applied 6 feet above the top of the rail. 
In structures (such as ballasted deck bridges of only three or four spans) where, l)y reason of 
continuity of members or frictional resistance, the longitudinal force will be largely directed to 
the abutments, its effect on the superstructure shall be taken as one-half that specified above. 

IV. UNIT STRESSES AND PROPORTIONING OF PARTS 

38. The several parts of structures shall be so proportioned that the unit stresses will not 
exceed the following, except as modified in Articles 46 and 47: 

Pounds per 


sq. in. 

A^ial tension, net section 16,000 

Axial compression, gross section 15,000 — 5o//r 

but not to exceed 12,500 

I = the length of the member in inches, 
r = the least radius of gyration of the member in inches. 

Tension in extreme fibers of rolled shapes, built sections and girders, 

net section 16,000 

Tension in extreme fibers of pins 24,000 

Shear in plate girder webs, gross section 10,000 

Shear in power-driven rivets and pins 12,000 

Bearing on power-driven rivets, pins, outstanding legs of stiffener 

angles, and other steel parts in contact 24,000 

The above-mentioned values for shear and bearing shall be reduced 25 per cent for counter 
sunk rivets, hand-driven rivets, floor-connection rivets, and turned bolts. 

Bearing on expansion rollers, per linear inch 6ood 

d = the diameter of rollers in inches. 

Pounds per 
sq. in. 

Bearing on granite masonry 800 

Bearing on sandstone and limestone masonry 400 

Bearing on concrete masonry 600 


39. For cast steel in shoes and bearings, the above mentioned unit stresses shall apply. 

40. The diagonal tension in webs of girders and rolled beams at sections where maximum 
shear and bending occur simultaneously, shall not exceed 16,000 pounds per square inch. 

41. Effective Bearing Area. — The effective bearing area of a pin, a bolt or a rivet shall be 
its diameter multiplied by the thickness of the piece, except that for countersunk rivets, half 
the depth of the countersink shall be omitted. 

42. Effective Diameter of Rivets. — In proportioning rivets, the nominal diameter of the 
rivet shall be used. 

^ 43. Propordonii^ Web Members. — Web members shall be so proportioned than an increase 
of live load which will increase the total unit stresses in the chords 50 per cent will not produce 
total unit stresses in the web members more than 50 per cent greater than the designing stresses. 

44. Reversal of Stress. — Members subject to reversal of stress under the passage of the live 
load shall be proportioned as follows: 

Determine the resultant tensile stress and the resultant compressive stress and increase 
each by 50 per cent of the smaller; then proportion the member so that it will be capable of 
resisting either increased resultant stress. The connections shall be proportioned for the sum 
of the resultant stresses. 

ij.5. Combined Stresses. — Members subject to both axial and bending stresses (including 
bending due to floor beam deflection) shall be proportioned so that the combined fiber stresses 
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will not exceed the allowed axial stress. In members continuous over panel points, only three- 
fourths of the bending stress computed as for simple beams shall be added to the axial stress. 

46. Members subject to stresses produced by a combination of dead load, live load, impact 
and centrifugal force, with either lateral or longitudinal forces, or bending due to lateral action, 
may be proportioned for unit stresses 25 per cent greater than those specified in Article 38; 
but the section shall not be less than that required for dead load, live load, impact and centrifugal 
force. 

47. Secondary Stresses. — Designing and detailing shall be done so as to avoid secondary 
stresses as far as possible. In ordinary trusses without sub-panelling, no account usually need 
be taken of the secondary stresses in any member whose width measured in the plane of the truss 
is less than one-tenth of its length. Where this ratio is exceeded, or where subpanelling is used, 
secondary stresses due to deflection of the truss shall be computed. The unit stresses specified 
in Article 38 may be increased one-third for a combination of the secondary stresses with the other 
stresses, but the section shall not be less than that required when secondary stresses are not 
considered . 

48. Compression Flanges. — The gross area of the compression flanges of plate girders and 
rolled beams shall not be less than the gross area of the tension flanges, but the stress per square 
inch of gross area shall not exceed 

16, (XX) — 150//6, in which 

I = the length of the unsupported flange, between lateral connections or knee braces. 
h — the flange width. 


V. DETAILS OF .DESIGN 

49. Slenderness Ratios. — The ratio of length to least radius of gyration shall not exceed 

I(X) for main compression members. 

120 for wind and sway bracing. 

140 for single lacing, and for double lacing not riveted at intersections. 

170 for double lacing riveted at intersections. 

50. The lengths of riveted tension members shall not exceed 200 times their least radius 
of gyration. 

51. Depth Ratios. — The depth of trusses preferably shall be not less than one-tenth of the 
span. The depth of plate girders preferably shall be not less than one-twelfth of the span. The 
depth of rolled beams used as girders and the depth of solid floors preferably shall be not less than 
one-fifteenth of the s|xin. If less depths than these are used, the section must be increased so 
that the maximum deflection will not be greater than if these limiting ratios had not been exceeded. 

52. Parts Accessible. — Details shall be designed so that all parts will be accessible for in- 
spection, cleaning and painting. C dosed sections shall be avoided wherever possible. 

53. Pockets. — Pockets or depressions which would hold water shall have efficient drain 
holes, or shall be filled with concrete. 

54. Eccentric Connections. — Members shall be connected so that their gravity axes will 
intersect in a jxjint. Eccentric connections shall be av^oided if practicable, but, if unavoidable, 
the members shall lx; projxjrtioned so that the combined fiber stress will not exceed the allowed 
axial str<>ss. 

55. Effective Area of Angles. — The effective area of single angles in tension shall be assumed 
as the net area of the connected leg plus 50 per cent of the area of the unconnected leg. Single 
angles connected by lug angles shall be considered as connected by one leg. 

56. Counters. — If web members are subject to reversal of stress, their end connections 
preferably shall be riveted. Adjustable counters shall have open turnbuckles. 

57. Strength of Connections. — C onnections shall have a strength at least equal to that of 
the members connected, regardless of the computed stress. Connections shall be made, as nearly 
as practicable, symmetrical about the axis of the members. 

58. Limiting Thickness of Metal. — Metal shall not be less than J-inch thick, except for 
fillers. Metal subject to marked corrosive influences shall be increased in thickness or protected 
against such influences. 

59. Sizes of Rivets. — Rivets shall be J inch, | inch or i inch in diameter as specified. 

60. Pitch of Rivets. — The minimum distance between centers of rivet holes shall be three 
diameters of the rivet, but the distance preferably shall be not less than 3^ inches for i inch 
rivets, 3 inches for J-inch rivets and 2 \ inches for }-inch rivets. The maximum pitch in the 
line of stress for members composed of plates and shapes shall be 7 inches for i inch rivets, 6 
inches for J-inch rivets and 5 inches for j-inch rivets. For angles with two gage lines and rivets 
staggered, the maximum pitch in each line shall be twice the amounts given above. If two or 
more web plates are used in contact, stitch rivets shall be provided to make them act in unison. 
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In compression members, the stitch rivets shall be spaced not more than 24 times the thickness 
of the thinnest plate in the direction perpendicular to the line of stress, and not more than 12 
times the thickness of the thinnest plate in the line of stress. In tension members, the stitch rivets 
shall be not more than 24 times the thickness of the thinnest outer plate in either direction. In 
tension members compost of two angles in contact, a pitch of 12 inches may be used for riveting 
the angles together. 

61. Edge Distance. — The minimum distance from the center of any rivet hole to a sheared 

edge shall be: inches for i inch rivets, i j inches for j-inch rivets and li inches for J-inch 

rivets; to a rolled edge I5 inches 1 J inches and inches, respectively. The maximum distance 
from any edge shall be eight limes the thickness of the plate, but shall not exceed 6 inches. 

62. Size of Rivets in Angles. — The diameter of the rivets in any angle whose size is determined 
by calculated stress shall not exceed one-fourth of the width of the leg in which they are driven. 
In angles whose size is not so determined i inch rivets may be used in 3^ inch legs, J-inch rivets 
in 3 inch legs, and i-inch rivets in 2J inch legs. 

63. Long Rivets. — Rivets which carry calculated stress and whose grip exceeds four and one- 
half diameters shall be increased in number at least one per cent for each additional i /16-inch 
of grip. If the grip exceeds six times the diameter of the rivet, specially designed rivets shall 
be used. 

64. Pitch of Rivets at Ends. — The pitch of rivets at the ends of built compression members 
shall not exceed four diameters of the rivet for a distance equal to one and one-half times the maxi- 
mum width of the member. 

65. Compression Members. — In built compression members, the metal shall be concentrated 
in the webs and Manges, d'he thickness of each web shall be not less than one-thirtieth of the 
distance between the lines of rivets connecting it to the Manges. The thickness of cover plates 
shall be not less than one-fortieth of the distance between the nearest rivet lines. 

66. Outstanding Legs of Angles. — The width of the outstanding legs of angles in compression 
(except when reinforced by plates) shall not exceed the following: 

a. For stringer Mange angles, ten times the thickness. 

b. For main members carrying axial stress, twelve times the thickness. 

c. For bracing and other secondary members, fourteen times the thickness. 

67. Stay Plates. — The open sides of compression members shall be provided with lacing bars 
and shall have stay plates as near each end as practicable. Stay plates shall be provided at 
intermediate points where the lacing is interrupted. In main members, the length of the end 
stay plates shall be not less than 1} times the distance between the lines of rivets connecting 
them to the outer Manges, and the length of intermediate stay plates shall be not less than three- 
quarters of that distance. Their thickness shall be not less than one-fiftieth of the same distance. 

68. Tension members composed of shapes shall have their separate segments stayed together. 
The stay plates shall have a length not less than two-thirds of the lengths specified for stay plates 
on compression members. 

69. Lacing. — The lacing of compression members shall be proportioned to resist a shearing 
stress of 2^ per cent of the direct stress. The scKrtion shall be made as required by Articles 38 
and 49, in which / shall be taken as the distance between connections of the lacing to the main 
sections.. 

The minimum width of lacing bars shall be 3 inches for i-inch rivets, 2 J inches for J-inch 
rivets, 2^ inches for J-inch rivets, and 2 inches for |-inch rivets. 

70. In members compiosed of side segments and a cover plate, with the ofxm side laced, 
one-half the shear shall be considered as taken by the lacing. Where double lacing is used, the 
shear in the plane of the lacing shall be equally distributed between the two systems. 

71. Lacing bars of compression members shall be so spaced that the //r of the ix)rtion of the 
Mange included between their connections will be not greater than 40, and not greater than two- 
thirds of the Ijr of the member, 

72. In connecting lacing bars to Manges, S-inch rivets shall be used for Manges less than 2J 
inches wide, J-inch rivets for Manges from 2J to 3^ inches wide, and J-inch rivets for Manges 3i 
or more inches wide. Lacing bars with at least two rivets in each end shall be used for Manges 
over 5 inches wide. 

73. The angle of lacing bars with the axis of the member shall l>e not less than 45 degrees 
for double lacing, and 60 degrees for single lacing. If the distance between rivet lines in the 
Manges is more than 15 inches and a single-rivet bar is used, the lacing shall be double and riveted 
at the intersections. 

74. Splices. — Abutting joints in compression members faced for bearing shall have component 
parts spliced. The gross area of the splice material shall be not less than 50 per cent of the gross 
area of the smaller member. In determining the number of rivets in compression splices, the 
stress in the splice material shall be taken as 15,000 lb. per square inch of gross area. 

75. Joints in riveted work not faced for bearing, whether in tension or compression, shall 
be fully spliced. 
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76. Net Section at Pins. — In pin connected riveted tension members, the net section across 
the pin hole shall be not less than 140 per cent and the net section back of the pin hole not less 
than 100 per cent of the net section of the body of the member, and there shall be sufficient rivets 
to make the material effective. 

77. Net Section Defined. — The net section of riveted members shall be the least area which 
can be obtained bv deducting from the gross sectional area the areas of holes cut by any plane 
perpendicular to the axis of the member and parts of the areas of other holes on one side of the 
plane within a distance of four inches, which are on gage lines one inch or more from those of the 
holes cut by the plane, the parts being determined by the formula: 

A(i — P/4), in which 

A = the area of the hole, and P = the distance in inches of the center of the hole from the plane. 

78. In determining the net section, the diameter of the rivet hole shall be taken one-eighth- 
inch larger than the nominal diameter of the rivet. 

79. Pin Plates. — Where necessary to give the required section or bearing area, pin holes 
shall be reinforced on each segment by plates, one of which on each side must be as wide as the 
outstanding flanges will permit. These plates shall contain enough rivets and be so connected 
as to transmit and distribute the bearing pressure uniformly over the full cross section and to 
reduce the eccentricity of the segment to a minimum. At least one full-width plate on each 
segment shall extend to the far edge of the stay plate and the others not less than 6 inches beyond 
the near edge. 

80. Indirect Splices. — If splice plates are not in direct contact with the parts which they 
connect, rivets shall be used on each side of the joint in excess of the number required in the case 
of direct contact to the extent of two extra lines for each intervening plate. 

81. Fillers. — Where rivets carrying stress i)ass through fillers, the fillers shall be extended 
beyond the connected member and the extension secured by additional rivets sufficient to dev'elop 
the value of the filler. 

82. Forked Ends. — Forked ends on compression members will be permitted only where 
unavoidable. W here forked ends are used, a sufficient number of pin plates shall be provided 
to make (he jaws of twice the sectional area of the member and they shall be extended as far as 
necessary in order to carry the stress of the main member into the jaws, but shall not be shorter 
than reciuire<l by Article 79. 

83. Pins. — Pins shall be long enough to secure a full bearing of all parts connected upon 
the turned body of the pin. They shall be secured by chambered nuts or by solid nuts with 
washers. Where. the pins are borc<l, through rods with cap washers may be used. The screw 
ends shall be long enough to admit of burring the threads. 

84. Pin connected members shall be held against lateral movement on the pins. 

85. Bolts. — W here members arc connected by bolts, the turned bodies of the bolts shall 
be long enough to extend through the metal. A washer at least J-inch thick shall be used under 
the nut. Bolts shall not be used except by special permission. 

86. Upset Ends. — Bars with screw ends shall be upset so that the area at the root of the thread 
will be at least 15 per cent larger than in the IxwJy of the bar. 

87. Sleeve Nuts. — Sleev^e nuts shall not be used. 

88. Expansion. — Provision shall be made for expansion and contraction at the rate of one 
inch for every 100 feet in length. The expansion ends shall be secured against lateral movement. 
In spans more than 250 feet in length, provision shall be made for expansion in the floor. 

89. Expansion Bearings. — Spans more than 70 feet in length shall have rollers at one end. 
Spans of less length shall be arranged to slide on smooth surfaces. 

90. Fixed Bearings. — Bearings and ends of spans shall be secured against lateral motion. 

Qi. Rollers. — Expansion rollers shall be not less than 6 inches in diameter. They shall be 

coupled together with substantial side bars, which shall be so arranged that the rollers can be 
cleaned readily. Rollers shall be geared to the up|x?r and lower plates. 

92. Pedestals and Shoes. — Pedestals and shoes preferably shall be made of cast steel. The 
difference between the top and bottom bearing widths shall not exceed twice the depth. For 
hinged bearings, the depth shall be measured from the center of the pin. W’here built F)edestals 
and shoes arc used, the web plates and the angles connecting them to the base plate shall be not 
less than 4-inch thick. If the size of the pedestal permits, the webs shall be rigidly connected 
transversely. The minimum thickness of the metal in cast steel pedestals shall be one inch. 
Pedestals and shoes shall be so constructed that the load will be distributed uniformly over the 
entire bearing. Spans more than 70 feet in len^jth shall have hinged bearings at each end. 

93. Inclined Bearings. — For spans on an inclined grade and without hinged bearings, the 
sole or masonry plates shall be beveled so that the masonry surfaces will be level. 

94. Name Plates. — There shall be a name plate, showing in raised letters and figures the 
name of the manufacturer and the year of construction, bolted to the bridge neaP each end at 
a point convenient for inspection. 
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VI. FLOORS 

95. Types of Floors.-^Floors may consist of steel floorbeams and stringers, with timber 
cross-ties supporting the rails, or of one of the solid floor types. 

96. Floor Members. — Floor members shall be designed with special reference to stiffness. 

97. Specifications for plate girders shall apply to floorbeams and stringers. 

98. Spacing of Stringers. — Stringers usually shall be spaced 6 feet 6 inches center to center. 
If four stringers are used under one track, each pair shall be spaced symmetrically about the rail. 

99. I>Beam Girders. — Rolled beams supporting timber decks shall be arranged with not 
more than four, and preferably not less than two beams under each rail. The beams in each group 
shall be placed symmetrically about the rail, and shall be spjaced sufificiently far apart to permit 
cleaning and painting. They shall be connected by solid web diaphragms near the ends and at 
intermediate points, spaced not over twelve times the flange width. Bearing plates shall be 
continuous under each group of beams. End stiffeners shall be used if required by the provisions 
of § 38. 

100. Floorbeam Connections. — Floorbeams preferably shall be square to the girders or 
trusses. They shall be riveted directly to the girders or between the p)Osts of through and deck 
truss spans. 

101. End Connection Angles. — The legs of stringer connection angles shall be not less than 
4 inches in width, and not less than |-inch in thickness before facing. Shelf angles shall be pro- 
vided to support the stringers during erection, but the connection angles shall be sufficient to 
carry the whole load. Stringers in through spans shall be riveted between the floorbeams. 

102. Stringer Frames. — Where two lines of stringers are used under each track in panels 
more than 20 feet in length, they shall he connected by cross frames. 

103. Solid Floor Connections. — Solid floors shall be connected to the girders or trusses by 
angles not less than |-inch thick if to be faced, or ^-inch thick if not to be faced; one angle on 
each side of the web of I-beams and one on each of the vertical members of troughs, § 223. 

104. Ph'opprtioning Solid Floors. — Solid floors shall be proportioned by the moments of inertia 
of the sections* using the net sections including the compression side. 

VII. BRACING 

105. Design of Bracing.— Lateral, longitudinal and transverse bracing shall be composed of 
shapes with riveted connections. Lateral bracing shall have concentric connections to chords 
at end joints, and preferably throughout. The connections bctw'cen the lateral bracing and the 
chords shall be designed to avoid, as far as practicable, any bending stress in the truss members. 

106. When a double system of bracing is used, both systems may be considered simultaneously 
effective if the members meet the reejuirements, both as tension ancl compression members. 

107. Lateral Bracings — Bottom lateral bracing shall be provided in all bridges except deck 
plate girder spans less than 50 feet long, from which it may be omitted. Continuous steel or 
concrete floors will be considered lateral bracing. 

108. Top lateral bracing shall be provided in deck spans and in through spans having sufficient 
head room. 

109. Portal and Sway Bracing. — Deck truss spans shall have sway bracing at each panel 
point. The top lateral loads preferably shall be carriecl to the supports by means of a complete 
top lateral system, or the loads may be considered as transferred to the bottom lateral system 
at each sway frame. 

no. Through truss spans shall have portal bracing, with knee braces, as deep as the specified 
clearance will allow. 

111. Through truss spans shall have swav bracing at each intermediate panel point if the 
height of the trusses is such as to permit of a depth of 6 feet or more for the bracing. When the 
height of the trusses will not permit of such depth, the top lateral struts shall be of the same 
depth as the chord and shall have knee braces. 

1 12. Cross-Frames. — Deck plate girder spans shall be provided with cross-frames at each 
end proportioned to resist centrifugal and lateral forces, and shall have intermediate cross-frames 
at intervals not exceeding 18 feet. 

1 13. Laterals. — The smallest angle to be userl in lateral bracing shall be 3J by 3 by | inches. 
There shall be not less than three rivets at each end connection of the angles. Angles shall be 
connected at their intersections by plates. 

1 14. Clearance. — Lateral bracing beneath the track shall be low enough to clear the ties. 

VIII. PLATE GIRDERS 

1 15. Spacing of Girders. — The girders of deck bridges usually shall be spaced 6 feet 6 inches 
between centers, except that: 
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a. In single-track deck spans 75 or more feet in length, the girders shall be spaced in accord- 
ance with paragraph 12, but not less than 7 feet 6 inches between centers. 

b. In bridges on curves, the girders shall be spaced as shown on the plans. 

1 16. Design of Plate Girders. — Plate girders shall be proportioned either by the moment of 
inertia of their net section including compression side; or by assuming that the flanges are con- 
centrated at their centers of gravity. In the latter case, one-eighth of the gross section of the web, 
if properly spliced, may be used as flange section. For girders having unusual sections, the 
moment of inert ia method shall be used. 

1 17. Flanje Sections. — 1 he flange angles shall form as large a part of the area of the flange 
as practicable. Side plates shall not be used except when flange angles exceeding one inch in 
thickness otherwise would be required. 

1 18. Flange plates shall be equal in thickness, or shall diminish in thickness from the flange 
angles outward. No j^late shall have a thickness greater than that of the flange angles. 

1 19. W'here flange cover j)lates arc used, one cover plate of the top flange shall extend the 
full length of the girder. Other flange plates shalkextend at least 18 inches beyond the theoretical 
end. 

120. Thickness of Web Plates. — The thickness of web plates shall be not less than V^/20, 
where “ D ” represents the distance between flanges in inches. 

12 1. Flange Rivets. — The flanges of plate girders shall be connected to the web with a 
sufficient number of rivTts to transfer to the flange section the horizontal shear at any point 
combined with any load that is apj)lied directly on the flange. One wheel load, where ties rest 
on the flange, shall be assumed to be distributed over 3 feet. 

122. Flange Splices. — Splices in flange members shall not be used exce[)t by special permission 
of the FIngin(!er. Two meml)ers shall not be spliced at the same cross-section and, if practicable, 
splices shall be located at points where there is an e.xcess of section, d'lie net section of the sj lice 
shall exceed by 10 per cent the net section of the member spliced. Flange angle splices shall 
consist of two angles, one on each side. 

123. Web Splices. — Web plates shall be symmetrically spliced by plates on each side. The 
splice plates for shear shall be of the full depth of the girders between flanges. The splice shall 
be equal to the web in strength in both shear and moment. There shall be not less than two rows 
of rivets on each side of the joint. 

124. End Stiffeners. — Plate girders shall have stiffener angles over end bearings, the out- 
standing legs of which will extend as nearly as practicable to the outer edge of the flange angles. 
These end stiffeners shall be proix)rtioncd for bearing of the outstanding legs on the flange angles, 
and shall be arranged to transmit the end reaction to the i>edcstals or distribute it over the masonry 
bearings. They shall be connected to the web by enough rivets to transmit the reaction. End 
stiffeners shall not be crimped. 

125. Intermediate Stiffeners. — The webs of plate girders shall be stiffened by angles at 
intervals not greater than: 

(a) Six feet. 

(b) The depth of the web, 

(c) The distance given by the formula, d = f (12,000 — 5)/40. 

d = the distance between rivet lines of stiffeners in inches. 

/ =»= the thickness of the web in inches. 

S = web shear in pounds per square inch at the point considered. 

126. If the depth of the web between the flange angles or side plates is less than 50 times 
the thickness of the web, intermediate stiffeners may be omitted. 

127. Stiffener angles shall be placed at points of concentrated loading. Such angles shall 
not be crimped. 

128. Intermediate stiffeners shall be riveted in pairs to the web of the girder. The out- 
standing leg of each angle shall not be less than 2 inches plus one-thirtieth of the depth of the 
girder, nor more than 16 times its thickness. 

129. Gusset Plates in Through Girders. — In through plate girder spans, the top flanges 
shall be braced by means of gusset plates or knee braces with solitl webs connected to the floor- 
beams and extending usually to the clearance line. If the unsupported length of the inclined 
edge of the gusset plate exceeds 18 inches, the gusset plate shall have one or two stiffening angles 
riveted along its edge. The gusset plate shall be riveted to a stiffener angle on the girder. Prefer- 
ably it shall form no part of the floorbeam web. 

130. In through plate girder spans with solid floors, there shall be knee-braces with |-inch 
webs, extending usually to the clearance line, at intervals of about 12 feet. Each knee-brace 

• shall be well riveted to the floor and the girder, especially at the top, and shall have its edge 
reinforced by one or two angles. 
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1 31. Ends of Through Girders. — If through plate girders project two feet or more above the 
base of the rail, the upper corners shall be rounded. In multiple span bridges, usually only the 
extreme ends shall be rounded. Exposed ends of through girders shall be neatly finished with 
end plates. 

132. Spans Shipped Riveted. — Deck plate girder spans less than 50 feet in length shall be 
shipp)^ riveted complete, unless otherwise specified. 

133. Masonry Bearings. — End bearings on masonry preferably shall be raised above the 
coping by metal pedestals. 

134. Sole plates shall be not less than J-inch thick and not less in thickness than the flange 
plus J-inch. Preferably they shall not be longer than 18 inches. 

135. Anchor Bolts. — Anchor bolts shall be if inches in diameter and shall extend 12 inches 
into the masonry. There shall be washers under the nuts. Anchor bolt holes in pedestals and 
sole plates shall be 1 1 inches in diameter, except that at expansion px)ints the holes in the sole 
plates shall be slotted. 

I X. f RUSSES 

136. Type of Truss and Sections of Members. — Trusses shall have single intersection web 
systems and, preferably, inclined end posts. The top chords and end posts shall be made usually 
of two side segments with one cov^er plate and with stay plates and lacing on the open side. The 
bottom chords of riveted trusses shall be symmetrically made, usually of vertical side plates 
with flange angles. Web memljcrs shall be made of symmetrical sections. 

137. Camber. — The length of members of truss spans shall be such that the camber will 
be equal to the deflection produced by the combined dead and live loads without impact. 

138. Riveted Members in Pin-Connected Trusses. — In pin-connected trusses, hip verticals 
(and members performing similar functions) and, in single track spans, the two panels at each 
end of the bottom chords shall be riveted members. 

139. Eye-bars. — The cross sectional area of the head through the center of the pin hole 
shall exceed that of the body of the eye-bar by at least 372 jxt cent. The thickness of the bar 
shall be not less than one-eighth of the width nor less than one inch, an 1 not greater than 2 inches. 
The form of the head shall be submitted to the Engineer for approval before the bars arc made. 
The diameter of the pin shall be not less than seven-eighths of the width of the widest bar attached. 

140. Packing. — The eye-bars of a set shall be packed symmetrically about the plane of the 
truss and as nearly parallel as practicable, but in no case shall the inclination of any bar to the 
plane of the truss exceed i /16-inch per foot. They shall be packed as closely as practicable. 
They shall be held against lateral movement, and arranged so that adjacent bars in the same 
panel will not be in contact. 

141. Gusset Plates. — The thickness of gusset plates connecting the chords and web members 
of the truss shall be proportionate to the stress to be transferred, but shall not be less than .^-inch. 

142. Facilities for Lifting Span. — Provision shall be made for lifting the span at the ends. 

143. Masonry Plates. — Masonry plates shall not be less than one inch thick. 

X. VIADUCTS 

144. Type of Viaduct. — Viaducts shall consist usually of alternate tower spans and free 
spans of plate girders or riveted trusses supported on bents. The tower spans usually shall be 
not less than 30 feet long. 

145. Bents and Towers. — Viaduct bents shall be composed preferably of two supporting 
columns, and the bents usually shall be united in pairs to form towers. Horizontal diagonal 
bracing shall be placed in all towers having more than two vertical panels at alternate intermediate 
panel points. In double track towers, provision shall be made for the transmission of the longi- 
tudinal force to lx)th sides. 

146. Single Bents. — Where long spans are supported on short single bents, such bents shall 
have hinged ends, or else have their columns and anchorages proportionerl to resist the bending 
stresses produced by changes in temperature. 

147. Bottom Struts. — The bottom struts of viaduct towers shall be proportioned for the 
calculated stresses, but in no case for less than one-fourth of the dead load reaction on one pedestal, 
considered as compressive stress. Provision shall be made in the column bearings for expansion 
of the tower bracing. 

148. Batter. — The columns usually shall have a batter transversely of one horizontal to six 
vertical for single track viaducts, or one horizontal to eight vertical for double track viaducts. 

149. Depth of Girders. — The depths of girders in viaducts preferably shall be uniform. 

150. Spacing of Girders. — In single track viaducts, the girder spacing usually shall be uniform 
throughout, and shall be determined by the spacing for the longest span in the viaduct, according* 
to the rules specified for deck plate girder spans. 
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151. In double track viaducts, the girders under each track usually shall be spaced 6 feet 
6 inches between centers, and the inner lines of girders shall be supported by cross-girders framed 
between and riveted to the posts. 

152. Girder Connections and Bracing. — Girders of tower spans shall be fastened at each end 
to the tops of the posts or cross-girders. Girders between towers shall have one end riveted, and 
shall be provided with an effective expansion joint at the other end. No bracing or sway frame 
shall be common to abutting spans. 

153. If neither ot the girders under a track rests directly over a tower post, bracing shall 
be provided to carry the longitudinal force into the tower bracing without producing lateral 
bending stress in the cross-girders or posts. 

154. Sole and Masonry Plates. — Sole and masonry plates shall be not less than f-inch thick. 

155. Anchorage for Towers. — Anchor bolts for viaduct towers and similar structures shall 
be designed to engage a mass of masonry the weight of which is at least one and one-half times 
the uplift. 


XI. MATERIALS 

(Sections 156 to 205 inclusive conform to the A.S.T.M. Standard Specifications for Structural 
Steel for Bridges, 1916 edition, Standard Si^ecifications for Steel Castings, 1916 edition, and 
Standard Specifications for Wrought Iron Bars, 1918 edition, except as to yield point require- 
ments in which minimum yield point is 30,000 and 25,000 lb. per sep in. in structural steel 
and rivet steel, resj-icctivcly, § 178 and § 179, and a footnote to Table II. These sections and 
the footnote to Table II follow.) 

178. Character of Fracture. — Test specimens of structural or rivet steel shall show a fracture 
of uniform silky or bluish gray appearance, entirely free from visible slag inclusions or other 
foreign substances. 

179. Surface Defects. — Finished rolled material shall be free from cracks, flaws, injurious 
seams, blisters, ragged and imperfect edges, and other surface defects. It shall have a smooth 
finish, and shall be straightened in the mill before shipment. 

Note to Table II. — The weight of individual plates ordered to thickness shall not exceed the 
nominal weight by more than one and one-third times the amount given in this table. 


XII. WORKMANSHIP 

206. Class of Work. — The work shall be “ Punched Work ” or “ Reamed Work as stipu- 
lated. 

207. General. — The workmanship and finish shall be equal to the best general practice in 
modern bridge shops. Material at the shops shall be kept clean and protected from the weather 
as far as practicable. 

208. Straightening Material. — Rolled material, before being laid off or worked, must be 
straight. If straightening or flattening is necessary, it shall be done by methods that will not 
injure the material. Sharp kinks and bends may be cause for rejection. 

209. Finish. — Shearing and chipping shall be neatly and accurately done and all portions 
of the work exposed to view shall be neatly finished. 

210. Punched Work. — In punched work, holes in material whose thickness is not greater 
than the diameter of the rivx'ts plus J-inch, may be punched full size. Holes in material of greater 
thickness shall be drilled. 

21 1. Reamed Work. — In reamed work, holes in material {-inch thick and less, used for 
lateral, longitudinal and sway bracing, lacing, stay plates and diaphragms, may be punched full 
size. 

212. Holes in other material J-inch thick and less, shall be sub-punche<l and reamed. 

213. Holes in other material more than J-inch thick shall be drilled. 

214. Punched Holes. — Full size punched holes shall be i /16-inch larger than the nominal 
diameter of the rivets. The diameter of the die shall not exceed the diameter of the punch by 
more than 3/32-inch. If any holes must be enlarged to admit the rivets, they shall be reamea. 
Holes must" be clean cut, without torn or ragged edges. Poor matching of holes may be cause 
for rejection. 

215. Sub-punched and Reamed Holes. — In sub-punched and reamed work, the holes shall 
be punched 3/16-inch smaller and, after assembling, reamed i /16-inch larger than the nominal 
diameter of the rivet. The diameter of the punch used shall be 3/16-inch smaller than the nominal 
diameter of the rivet and the diameter of the die not more than 3/32-inch larger than the diameter 
of the punch. Outside burrs shall be removed with a tool making a i /16-inch fillet. 

216. Accuracy of Punching in Reamed Work. — In sub-punched and reamed work, the 
punching shall bne so accurately done that, after assembling and before reaming, a cylindrical 
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pin J-inch smaller in diameter than the nominal size of the punched hole may be entered, per- 
pendicular to the face of the member, without drifting, in at least 75 of any group of 100 contiguous 
holes in the same plane. If this requirement is not fulfilled, the badly punched pieces shall be 
rejected. If any hole will not pass a pin 3/16-inch smaller in diameter than the nominal size 
of the punched hole, this shall be cause for rejection. 

217. Reaming After Assembling. — Reaming shall be done after the pieces forming a built 
member are assembled and so firmly bolted together that the surfaces are in close contact. Before 
riveting, they shall be taken apart, if necessary, and any shavings removed. When it is necessary 
to take the members apart for shipping or handling, the respective pieces reamed together shall 
be so marked that they may be reassembled in the same position in the final setting up. No 
interchange of reamed parts will be |K'rnntted. 

218. Accuracy of Reaming and Drilling. — When holes are reamed or drilled, 85 of any group 
of 100 contiguous holes in the s^une plane shall, after reaming or drilling, show no offset greater 
than I /32-inch between adjacent thicknesses of metal. 

219. Reamed Holes. — Reamed holes shall be cylindrical, perpendicular to the member, and 
not more than 3/32-inch larger than the nominal diameter of the rivets. Reamers preferably 
shall not be directed by hand. Outside burrs shall be removed with a tool making a i /16-inch 
fillet. 

220. Drilled Holes. — Drilled holes shall be i/16-inch larger than the nominal size of the 
rivet. Burrs on the outside surfaces shall be removed. 

221. Assembling for Drilling. — Connecting parts requiring drilleil holes shall be assembled 
and securely held together while being drilled. 

222. Shop Assembling. — The parts of riveted members shall be well pinned and firmly 
drawn together with bolts before riveting is commenced. 'Fhe drifting done during assembling 
shall be only such as to bring the parts into |)osition, and not sufficient to enlarge the holes or 
distort the metal. Surfaces in contact shall be painted. Bolts in field connection holes shall be 
left in place. 

223. Field Connections. — Solid floor sections shall be assembled to the girders or trusses, 
or to suitable frames, in the shop, and the end connections made to fit. (103). 

224. In reamed work, riveted trusses and skew portals shall be assembled in the shop, the 
parts adjusted to line and fit, and the holes for field connections drille<l or reamed while so as- 
sembled. Holes for other field connections, except those in lateral, longitudinal and sway bracing, 
shall be drilled or reamed in the shop with the connecting parts assembled, or else drilled or 
reamed to a metal template. 

225. In punched work, the field connections (excci)t those in lateral, longitudinal and sw.iy 
bracing) shall be reamed to metal templates. 

226. Match-marking. — C onnecting parts assembled in the shop for the purpose of reaming 
or drilling holes in fiedd connections shall be match-marked, and a diagram showing such marks 
shall be furnishenj the Engineer. 

227. Rivets. — The size of rivets called for on the plans shall be the size of the rivet before 
heating. 

228. Rivet heads, when not countersunk or flattene<l, shall be of approved shape and of 
uniform size for the same diameter of rivet. Rivet heads shall be full, neatly made, concentric 
with the rivet holes, and in full contact with the surface of the member. 

229. Riveting. — Rivets shall be heated uniformly to a light cherry red and driven while hot. 
Rivets, when heated and ready for driving, shall be free from slag, scale and carbon deposit. 
When driven, they shall completely fill the holes. Loose, burned or otherwise defective rivets 
shall be replaced. In removing rivets, care shall be taken not to injure the adjacent metal, ain’, 
if necessary, they shall be drillc<l out. Caulking or rc-cupping will not be i^ermitted. 

230. Rivets shall be driven by direct-acting riveters where practicable. The riveters shall 
retain the pressure after the upsetting is completed. 

231. When necessary to drive rivets with a pneumatic riveting hammer, a pneumatic bucker 
shall be used for holding up, when practicable. 

232. Field Rivets. — Field rivets shall be furnishe<l in excess of the nominal number required 
to the amount of 15 per cent plus ten rivets, for each size and length. 

233. Field rivets shall be carefully selected, and shall be free from fins on the under side 
of the head. 

234. Turned Bolts. — Where turned bolts are used to transmit shear, the holes shall be reamed 
parallel and the bolts shall make a tight fit with the threads entirely outside of the holes. A 
washer not less than J-inch thick shall be used under each nut. 

235 - Planing Sheared Edges. — Sheared edges of material more than jj-inch in thickness and 
carrying calculated stress shall be planed to a depth of i-inch. Re-entrant cuts shall be filleted 
before cutting. 

236. Lacing Bars. — The ends of lacing bars shall be neatly rounded, unless otherwise called 
for. 
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237. Fit of S^eners. — Stiffeners under the top flanges of deck girders and at all bearing 
points shall be milled or ground to bear against the flange angles. Other stiffeners must fit 
sufficiently tight against tne flange anjles to exclude water after being painted. Fillers and 
splice plates snail fit within J-inch at each end. 

238. Web Plates. — Web plates of girders which have no cover plates may be i-inch above 
or below the backs of the top flange angles. Web plates of girders which have cover plates may 
be i-inch less in width than the distance back to back of flange angles. 

239. When web plates are spliced, not more than |-incn clearance between ends of plates 
will be allowed. 

240. Facing Floorbeams, Stringers and Girders. — I'loorbeams, stringers and girders having 
end connection angles shall be made of exact length after the connection angles are riveted. 
If facing is necessary, the thickness of the angles shall not be reduced more than i-inch at any 
point. 

241. Finished Members. — Finished members shall be true to line and free from twists, 
bends and open joints. 

242. Abutting Joints. — Abutting joints in compression members, and girder flanges, and, 
where so specified on the drawings, in tension members, shall l)c faced and brought to an even 
bearing. Where joints are not faced, the opening shall not exceed J-»nch. 

243. Eye-bars. — Fyc-bars shall be straight, true to size, and free from twists, folds in the 
neck or head, and other defects. The heads shall be made by upsetting, rolling or forging. 
Welding will not be allowed. The form of the heads will bo determined by the dies in use at the 
works where the eye-bars are made, if satisfactory to the Engineer. The thickness of the head 
and neck shall not overrun more than i/i6-inch for bars 8 inches or less in width, J-inch for bars 
more than 8 inches and not more than 12 inches in width, and 3/16-inch for bars more than 12 
inches wide. 

244. Eye-bars which are to be placed side by side in the structure shall be bored so accurately 
that, ujxjn being placed together, the pins will pass through the holes at both ends at the same time 
without driving. Eye-bars shall have both ends bored at the same time. 

245. Annealing. — Eye-bars shall be annealed by heating uniformly to the proper temperature 
followed by slow and uniform cooling. Proper instruments shall be providc<l for determining 
at all times the temperature of the bars. 

246. Other steel which has been partially heated shall be properly annealed except where 
used in minor parts. 

247. Boring Pin Holes. — Pin holes shall be bored true to gage, smooth, straight, at right 
angles with the axis of the member and parallel with each other, unless otherwise recpiired. The 
variation from the six*cificd distance from outside to outside of pin holes in tension members, 
or from inside to inside of pin holes in compression members, shall not exceed i /32-inch. In 
built-up members the boring shall be done after the member is riveted. 

248. Boring Pins. — Pins larger than 9 inches in diameter shall have a hole bored longitudinally 
through the center of each not less than 2 inches in diameter. 

249. Pin Clearances. — The difTercnce in diameter between the pin and the pin hole shall 
be I /50-inch for pins up to 5 inches in diameter, and i /32-inch for larger pins. 

250. Pins and Rollers. — Pins and rollers shall be accurately turned to gage and shall be 
straight, smooth and free from flaws. 

251. Screw Threads. — Screw threads shall make close fits in the nuts and shall be U. S. 
Standard, except that for pin ends of diameters greater than li inches, they shall be made with 
six threads to an inch. 

252. Welds. — Welds in steel will not be allowed, except to remedy minor defects. 

253. Forging Pins. — Pins larger than 7 inches in diameter shall be forged and annealed. 

254. Bearing Surfaces Planed. — The top and the bottom surfaces of base and cap plates of 
columns and pedestals, except those in contact with masonry, shall be planed, or hot-straightened, 
and parts of members in contact with them shall be faced to fit. Connection angles for base plates 
and cap plates shall be riveted to compression members before the members arc faced. 

255. Sole plates of plate girders snail have full contact with the girder flanges. Sole plates 
and masonry plates shall be planed or hot -straightened. Cast pedestals shall be planed on the 
surfaces in contact with steel and shall have the bottom surfaces resting on masonry rough finished. 

256. Pilot Nuts. — Two pilot nuts and two driving nuts shall be furnished for each size of 
pin, unless otherwise specified. 

XIII. WEIGHING AND SHIPPING 

257. Weight Paid for. — The payment for pound price contracts shall be based on the scale 
weight of the metal in the fabricated structure, including field rivets shipped. The weight of 
the field paint and cement, if furnished, boxes and barrels used for packing, and material used 
for staying or supporting members on cars, shall be excluded. 
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258. Variation in Weight. — If the weight of any member is more than 2^ per cent less than 
the computed weight, it may be cause for rejection. 

259. The greatest allowable variation of the total scale weight of any structure from the 
weights computed from the approved shop drawings shall be li per cent. Any weight in excess 
of I J per cent above the computed weight shall not be paid for by the Company. 

260. Computed Weight. — The weight of steel shall be assumed at 0.2833 lb. per cubic inch. 

261. The weights of rolled shapes, and of plates, up to and including 36 inches in width, 
shall be computed on the basis of their nominal weights and dimensions, as shown on the approved 
shop drawings, deducting for copes, cuts and open holes. 

262. The weights of plates wider than 36 inches shall be computed on the basis of their 
dimensions, sts shown on the approved shop drawings, deducting for cuts and open holes. To 
this shall be added one-half of the allowed percentages of overrun in weight given in Article 180. 

263. The weight of heads of shop driven rivets shall be included in the computed weight. 

264. The weights of castings shall be computed from the dimensions shown on the approved 
shop drawings, with an addition of 10 per cent for fillets and overrun. 

265. Weighing of Members. — Finished work shall be weighed in the presence of the Inspector, 
if practicable. The Contractor shall furnish satisfactory scales and do the handling of the material 
for weighing. 

266. Marking and Shipping. — Members weighing more than 5 tons shall have the weight 
marked thereon. Bolts and rivets of one length and diameter, and loose nuts or washers of each 
size, shall be packcil separately. Pins, other small parts, and small packages of bolts, rivets, 
washers anrl nuts shall be shipped in boxes, crates, kegs or barrels, but the gross weight of any 
package shall not exceed 300 pounds. A list and description of the contained material shall 
oe plainly marked on the outside of each package, box or crate. 

267. Long girders shall be so loaded and marked that they may arrive at the bridge site 
in position for erection without turning. 

268. Anchor bolts, washers and other anchorage or grillage materials shall be shipped in 
time for them to be built into the masonry. 

XIV. SHOP PAINTING 

269. Shop Cleaning and Painting. — Unless otherwise specified, steel work, after it has been 
accepted by the Inspector and before leaving the shop, shall be thoroughly cleaned and given 
one coat of approved paint, applied in a workmanlike manner and well worked into joints and 
open spaces. Cleaning shall be done with steel brushes, hammers, scrapers an<l chisels, or by 
other equally effective means. Oil, paraffin and grease shall be removed by wijiing with benzine 
or gasoline. Loose dirt shall be brushed off with a dry bristle brush before the jiaint is applied. 

270. Surfaces in Contact, — Surfaces coming in contact shall be cleaned and given one coat 
of paint on each surface’ before assembling. 

271. Erection Marks. — Erection marks shall be paintc^d on painted surfaces. 

272. Painting in Damp or Freezing Weather. — Painting shall not be done in damp or freezing 
weather except under cover, and the steel must be free from moisture or frost when the paint is 
applied. Material painted under cover in damp or freezing weather shall be kept under cover 
until the paint is dry. 

273. Mmng of Paint. — Paint shall be thoroughly mixed before applying, and the pigments 
shall be kept in suspension. 

274. Machine Finished Surfaces. — Machine surfaces of steel (except abutting joints and 
base plates) shall be coated with white lead and tallow, applied hot as soon as the surfaces are 
finished and accepted by the Inspector. 

XV. MILL AND SHOP INSPECTION 

275. Facilities for Inspection. — Facilities for inspection of material and workmanship in the 
mill and shop shall be furnished by the Contractor to the Inspectors, and the Inspectors shall 
be allowed free access to the necessary parts of the premises. 

276. Mill Orders and Shipping Statements. — The Contractor shall furnish the Engineer 
with as many copies of material orders and shipping statements as the Engineer may direct. 
The weights of the individual members shall be snown. 

277. Notice of Rolling. — ^The Contractor shall give ample notice to the Engineer of the 
beginning of rolling at the mill, and of work at the shop, so that inspection may be provided. 
No material shall 1 ^ rolled nor work done before the Engineer has been notified where the orders 
have been placed. 

278. 'Cost of Testing. — ^The Contractor shall furnish, without charge, test specimens, as 
specified herein, and all labor, testing machines and tools necessary to make the specimen and 
full size tests. 
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279. Inspector’s Authority. — The Inspector shall have the jwwer to reject materials or work- 
manship which do not come up to the requirements of these specifications; but in cases of dispute, 
the contractor may appeal to the Engineer, whose decision shall be final. 

280. Rejections. — The acceptance of any material or finished members by the Inspector 
shall not be a bar to their subsequent rejection, if found defective. 

281. Rejected material and workmanship shall be replaced promptly or made good by the 
Contractor. 


XVI. FULL-SIZE TESTS 

282. Full-Size Tests of Eye-Bars. — The number and size of the bars to be tested shall be 
stipulated by the Engineer before the mill order is placed. The number shall not exceed 5 per 
cent of the whole number of bars ordered, with a minimum of two bars on small orders. 

283. The test bars shall be of the same section as the bars to be used in the structure and of 
the same length if within the capacity of the testing machine. They shall be selected by the 
Inspector from the finished bars preferably after annealing. Test bars representing bars too 
long for the testing machine shall be selected from the full length bar material after the heads 
on one end have been formed and shall have the second head formed upon them after being cut 
to the greatest length which can be tested. 

284. Full-size tests of eye-bars shall show a yield point of not less than 29,000 pounds per 
sguare inch, an ultimate strength of not less tnan 54,000 pounds per square inch, and an elongation 
of not less than 10 per cent in a length of 20 feet measured in the body of the bar. The fracture 
shall show a silky or finely granular structure throughout. 

285. If a bar fails to meet the requirements of Article 284, two additional bars of the same 
size and from the same mill heat shall be tested. If the failure of the first test bar is on account 
of the character of the fracture only, the bars represented by the test may be reannealed before 
the additional bars are tested. 

286. If two of the three bars tested fail, the bars of that size and mill heat shall be rejected. 

287. A failure in the head of a bar shall not be cause for rejection if the other requirements 
are fulfilled. 

288. A record of the annealing charges shall be furnished the Engineer showing the bars 
included in each charge and the treatment they receive. 

289. Bars thus tested which meet the requirements of the specifications shall be paid for 
by the Company at the same unit prices as the structures. Bars which fail to meet the require- 
ments of the specifications, and all bars rejected as a result of tests, shall be at the Contractor’s 
expense. 


REFERENCES. — For the calculation of the stresses in railway bridges and for additional 
details and the details of design, the following books may be consulted: Merriman & Jacoby’s 
“ Roofs and Bridges,” Part 1 , Stresses; Part II, Graphic Statics; Part III, Bridge Design; 
Part IV, Higher Structures; Johnson, Bryan and Turneaure’s ” Framed Structures,” Part I, 
Stresses, Part II, Statically Indeterminate Structures and Secondary Stresses; Part III, Design; 
Marburg’s ” Framed Structures,” Part I, Stresses; Spofford’s ” Theory of Structures,” stres^s 
in structures; DuBois’s ” Framed Structures ”; Burr and Falk’s ” Design and Construction 
of Metallic Bridges ”; Skinner’s ” Details of Bridge Design,” Parts I, II, III; Moore’s ” Design 
of Plate Girders ”; Kunz’s ” Design of Steel Railway Bridges; Ketchum’s ” The Design of 
Highway Bridges of Steel, Timber and Concrete,” stresses, details and design. 




CHAPTER V. 


Retaining Walls. 

Introduction. — A retaining wall is a structure which sustains the lateral pressure of earth or 
some other granular mass which possesses some frictional stability. The pressure of the material 
supported will depend upon the material, the manner of depositing in place, and upon the amount 
of moisture, and will vary from zero to the full hydraulic pressure. If dry clay is loosely deposited 
behind the wall it will exert full pressure, due to this condition. In time the earth may become 
consolidated and cohesion and moisture make a solid clay, which may cause the bank to shrink 
away from the wall and there will be no pressure exerted. On the other hand all cohesion may 
be destroyed by the vibration of moving loads or by saturation, and the maximum theoretical 
pressures may occur. The pressures due to a dry granular mass, a semi-fluid, without cohesion, 
of indefinite extent, the particles held in place by friction on each other, will be considered. The 
effect of cohesion and of limiting the extent of the mass is considered in the author’s “The Design 
of Walls, Bins and Grain Elevators.’’ 

Nomenclature. — The following nomenclature will be used: 

4> = the angle of repose of the filling. 

</»' = the angle of friction of the filling on the back of the wall. 

6 = the angle between the back of the wall and a horizontal line passing through the heel of the 
wall and extending from the back into the fill. 

5 = angle of surcharge, the angle between the surface of the filling and the horizontal; 8 is 
positive when measured above and negative when measured below the horizontal. 

2 = the angle which the resultant earth-pressure makes with a normal to the back of the wall. 
X = the angle between the resultant thrust, P, and a horizontal line. 
h = the vertical height of the wall in feet. 
d = the width of the base of the wall in feet. 

b = the distance from the center of the base to the point where the resultant pressure, E, cuts 
the base. 

P — the resultant earth- pressure per foot of length of wall. 

E — the resultant of the earth- pressure and the weight of the wall. 
w — the weight of the filling per cubic foot. 

W = the total weight of the wall per foot of length of wall. 
pi = the pressure on the foundation due to direct pressure. 

Pi — the pressure on the foundation due to bending moments. 

P = the resultant pressure on the foundation due to direct and bending forces. 
y = the depth of foundation below the earth surface. 

Calculation of the Pressure on Retaining Walls. — To fully determine the pressure of the 
filling on a retaining wall it is necessary that the resultant of the pressure be known (a) in amount, 
{b) in line of action, and (c) in point of application. Many theories have been proposed for 
finding the pressure, each differing somewhat as to the assumptions and results. All theories 
for the design of retaining walls that have any theoretical basis come in two classes: (i) the Theory 
of Conjugate Pressures, due to Rankine, and commonly known as Rankine’s Theory, and (2) 
the Theory of the Maximum Wedge, probably first proposed by Coulomb, and commonly known 
as Coulomb’s Theory. Rankinc’s Theory determines the thrust in amount, in line of action, and 
in point of application. In Coulomb’s Theory, with the exception of Weyrauch’s solution, the 
line of action and point of application must be assumed, thus leading to numerous solutions of 

297 



298 


RETAINING WALLS. 


Chap. V. 


more or less merit. All solutions based on the theory of the wedge assume that the resultant 
thrust is applied at one-third the height for a wall with a level or inclined surcharge, as is given 
by Rankine; but the resultant is assumed as making angles with a normal to the back of the 
wall varying from zero to the angle of repose of the filling. In Rankine’s solution the resultant 
pressure is parallel to the plane of the surcharge for a vertical wall with a level or positive surcharge. 

(i) RANRINE'S THEORY. — In this theory the filling is assumed to consist of an incom- 
pressible, homogeneous, granular mass, without cohesion, the particles are held in position by 
friction on each other; the mass being of indefinite extent, having a plane top surface, resting 
on a homogeneous foundation, and being subjected to its own weight. The principal and conju- 
gate stresses in the mass are calculated, thus leading to the ellipse of stress. In the analysis it 
is proved (a) that the maximum angle between the pressure on any plane and the normal to 
the plane is equal to the angle of internal friction, and (6) that there is no active upward component 
of stress in a granular mass. Both of these laws have been verified by experiments on semi- 
fluids. Rankine deduced algebraic formulas for calculating the resultant pressure on a vertical 
wall with a horizontal surcharge, and on a vertical wall with a surcharge equal to 8, an angle 
equal to or less than the angle of repose. The general case is best solved by constructing the 
ellipse of stress by graphics, or Weyrauch’s algebraic solution may be used. The author has 
extended Rankine’s solution in “The Design of Walls, Bins and Grain Elevators,” so that it is 
perfectly general. 

Rankine’s Formulas. — With a vertical wall and a horizontal surcharge, Fig. i, the total 
resultant pressure is 


P = iw'h* 


i — sin ^ 
I 4* sin 


(I) 


where w is the weight of the filling in lb. per cu. ft., h is the depth of the wall in feet, <t> is the angle 
of repose of the filling, and P is the resultant pressure on the wall in pounds. The resultant 
pressure, P, will be horizontal. 



For a vertical wall with surcharge at an angle 3, Fig. 2, the pressure is given by the formula 

cos 8 — V cos* 8 — cos* 


P = §wA**cos 8 

Where 8 is equal to formula (2) becomes 


cos 3 4"”^ cos* 3 — cos* 


(2) 


P *= Jw-A* cos 4> (3) 

The resultant pressure, P, is parallel to the inclined top surface for a vertical wall with a level 
or a positive surcharge (many authors have incorrectly assumed that the resultant pressure is 
always parallel to the top surface of the surcharged filling). 

Indined Retaining Wall. — The pressure on an inclined retaining wall may be calculated by 
means of the ellipse of stress — see the author’s “The Design of Walls, Bins and Grain Elevators.” 
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The pressure on an inclined retaining wall may also be calculated by means of the graphic solution 
shown in Fig. 3 if the direction of the thrust be known. From Rankine’s theory we know that 
the resultant pressure on a vertical retaining wall is always parallel to the top surface where the 
surcharge is level or is inclined upwards away from the wall. The pressure on a retaining wall 
incHned away from the filling may then be calculated as follows: 



Fig. 3. Pressure on an Inclined Retaining Wall. 

In Fig. 3 the retaining wall A CD B sustains the pressure of a filling having an angle of repose 
0, and sloping up away from the top of the wall at an angle 6. Calculate P' the pressure on the 
plane E-B by means of formula (2). P' acts at a point \EB above B and is parallel to the 
top surface DE. l^t the weight of the triangle of filling DBE be G, which acts through the 
center of gravity of the triangle and intersects P' at point O. Then Pj, the resultant of P' 
and Gy will be the resultant pressure at O, and makes an angle z with a normal to the back of the 
wall, and an angle, X = 0 -f z — 90® with the horizontal. 

(2) COULOMB’S THEORY. — In this theory it is assumed that there is a wedge having 
the wall as one side and a plane called the plane of rupture as the other side, which exerts a maxi- 
mum thrust on the wall. The plane of rupture lies between the angle of repose of the filling and 
the back of the wall. It may coincide with the plane of repose. For a wall without surcharge 
(horizontal surface back of the wall) and a vertical wall the plane of rupture bisects the angle 
between the plane of repose and the back of the wall. This theory does not determine the direc- 
tion of the thrust, and leads to many other theories having assumed directions for the resultant 
pressure. 

Algebraic Method. — In Fig. 4, the wall with a height hy slopes toward the earth, being in- 
clined to the horizontal at an angle 5, and the earth has a surcharge with slope 5, which is not 
greater than <^, the angle of repose. It is required to find the pressure P against the retaining 
wall, it being assumed that the resultant pressure makes an angle z with the back of the wall. 

It is assumed that the triangular prism of earth above some plane, the trace of which is the 
line A £, will produce the maximum pressure on the wall and on the earth below the plane, and 
that in turn the prism will be supported by the reactions of the wall and the earth. Let OW 
represent the weight of the prism ABE, the length of the prism being assumed equal to unity, 
let OP be the reaction of the wall, and OR be the reaction of the earth below. 

Now the forces OlY, OP, and OR will be concurrent and will be in equilibrium; OP and OR 
will therefore be components of OW* When the prism ^4 BE is just on the point of moving OP 
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will make an angle with a normal to the back of the wall equal to z (different authorities assume 
values of z from zero to the angle of friction of earth on masonry, or 4 >, the angle of repose of 
earth); while OR will make an angle with the normal to the plane of rupture AE equal to </>. 
Let P represent the pressure OP against the wall, W represent the weight of the prism of earth, 
and w the weight per cu. ft. ' 



In the triangle OWR angle WOR = x — 4>, and angle ORW = — x. Through E 

draw EN, making the angle AEN = d-\-<ti-\rz— x with AE, Then the triangle AEN \s 
similar to triangle ORW, and 


P ^ EN 
W AN^ 


and 


P W 


EN 

AN 


But W equals w-area triangle ABE = AB-BEsxn {B — 5 ), and 


P = jT«;‘sin {0 — 5 ) 


/UB- BE- EN 

'"AN~ 


( 4 ) 


Now P varies with the angle x, and will have a maximum value for some value of x, which 
may be found by differentiating (4) and placing the result eciual to zero. 

Differentiating and substituting in (4) and reducing we have 


P = \w-h* 


sin* {B — <i>) 


sin* 0-sin (0 + 2) ^ i + V 
= iwh*-K 


sin (2 4^0) -sin (0 
sin (0 + z)-sin (0 


- 5 ) ) 


which is the general formula for the pressure on a retaining wall. 

Now if z in (5) is made equal to 0', the angle of repose of earth on the wall, 
.sin* (0 — 0) 


P - 

which is Cain's formula (30) in another form. 


(<t> + 0')-sin (<t> —S)y 


+ <(>')• sin (0 


-li)V 

-i)) 


( 5 ) 

( 6 ) 


( 7 ) 
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If z in (5) is made equal to d, and 6 made equal to 90°, 

cos* 0 


P = 


cos 6 




sin {<t> + 5) -sin ((/> — 5) V 
cos* 5 / 


which is Rankine’s formula (2) in another form. 

If z in (5) is made equal to zero, 

sin* {d — 0) 


P = iwh^ 


3in> 0 ( , + 

\ \ sin 0-sm (d — 5 ) / 


which gives the normal pressure on a wall. 

If e in (9) = 90®, 

cos* <ii 


P = - 


(i +v 


sin 0* sin (</> — 6) \* 


If 5 in (10) = o®, 

P = ,, , 

(i + sm 

= \w-h* tan* (45° - i</>) 
, I — sin </) 


cos 5 


= 


I 4 " sin <t> 


(S) 


(sfy 


(10) 


(lO 

(12) 


which is Rankine’s formula (i) for a vertical wall without surcharge. 

Graphic Method. If the angle 2, the angle between the line of pressure and a normal to 
the wall, is known, the resultant pressure on a wall may be calculated by a graphic method, 
Fig. 5, based on the “theory of a wedge of maximum thrust.” The graphic method will be 
described —the proof of the method is given in “The Design of Walls, Bins and Grain Elevators.” 



In Fig. 5 the retaining wall A B sustains the pressure of the filling with a surcharge 6 and 
an angle of repose <t>. It is required to calculate the resultant pressure P. 

The graphic solution is as follows: Through B in Fig. 5 draw BM making an angle with BF, 
the normal to AD, equal to X = ^ -f 2 — 90®, the angle that P makes with the horizontal. With 
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diameter AD describe arc A CD, Draw MC normal to AD and with A as a center and a radius 
A C describe arc CN, Then AN — y, AM ^ b and y *= ^lc^, Draw EN parallel to BM, 
With N as a center and radius E N, describe arc ES. Then A £ is the trace of the plane of 
rupture, and P = area SEN^w. 

Cain’s Formulas.* — Professor William Cain assumes that the angle z is equal to <f>\ the 
angle of friction of the filling on the back of the wall. By substituting in (5) we have for a 
Vertical Wall With Level Surface, 5 = 0. v 


where 


\n + i J cos <t>' 
n 


I (0 + <b') - sin ^ 

cos 0' 

If 0 = 0 ', then n = 2 sin 0 , and 

cos 0 


P = 


where 


(i -f- sin 01/2)* 

If 0' = 0 , then 

P = iw/r*-tan*^45° 
Vertical Wall With Surcharge = 5. 

\ « + I / cos <(> 




If 8 = 0, 


sin ( 0 + 00- sin (0 — 5) 
cos 0' • cos 5 


P = iwh^ 


cos* 0 
cos 0' 


If 0' = o, and 8 = 0, 

P = \w'h*' cos* 0 

Inclined Wall With Horizontal Surface. 

sin (6 — 0) \* 


where 


p_i , > ( sin (e - 0 ) Y 1 
^ V(« -M) sin^l/ sin(0'+<?) 


where 


V sin (0 -f- 0 O •sin 0 
sin ( 0 ' -f ^)'sin B 

Inclined Wall With Surcharge = 8. 

D 1 LJ / sin (9 — 0 ) y 1 
^ \ (« d- i)-sin sin ( 0 ' B) 


V sin_(0 4- 0 O»sin (0 — 8) 
sin ( 0 ' + B) • sin (B — 8) 


(13) 


(14) 

(15) 

(16) 

(17) 

(18) 

(19) 


(20) 


Wall With Loaded Filling. — In Fig. 6, the filling is loaded with a uniformly distributed load. 
Calculate hi by dividing the loading per sq. ft. by w. Let /f -f * H. Then the resultant 
pressure for a wall with height II, will be 

Pi^iwIP^K ( 21 ) 

and the resultant pressure for a wall with height hi, will be 

Pi^^whi*-K (22) 

* Professor Rebhann makes the same assumptions and uses the graphic method of Fig. 5. 
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The pressure on the wall AD will be 

« Pa - Pi - - hi*)K 

and the point of application is through the center of gravity of ADGE, which makes 

IP +H-hi - 2^1* 


yi 


i 


H + Ai 



(23) 

(24) 


Walls With Negative Surcharge. — For the calculation of the pressures on retaining walls with 
negative surcharge, 6 negative, see the author’s ** The Design of Walls, Bins and Grain Elevators,” 
second edition. 

STABILITY OF RETAINING WALLS. — A retaining wall must be stable (i) against 
overturning, (2) against sliding, and (3) against crushing the masonry or the foundation. 

The factor of safety of a retaining wall is the ratio of the weight of a filling having the same 
angle of internal friction that will just cause failure to the actual weight of the filling. For a 
factor of safety of 2 the wall would just be on the point of failure with a filling weighing twice 
that for which the wall is built. 

I. Overturning. — In Fig. 7, let P, represented by OP', be the resultant pressure of the earth, 
and W, represented by OIF, be the weight of the wall acting through its center of gravity. Then 
£, represented by OR, will be the resultant pressure tending to overturn the wall. 

Draw OS through the point A. For this condition the wall will be just on the point of 
overturning, and the factor of safety against overturning will be unity. The factor of safety 
for E = OP will be 

/o = SWIRW (25) 


2. Sliding. — In Fig. 7 construct the angle /TiO equal to 0', the angle of friction of the masonry 
on the foundation. Now if E passes through i, and takes the direction OQ, the wall will be on 
the point of sliding, and the factor of safety against sliding, /#, will be unity. For E = OP, the 
factor of safety against sliding will be 

/. - QM'IRM (26) 

Retaining walls seldom fail by sliding. 

The factor of safety against sliding is sometimes given as 


/. 


p 

g tan 


(27) 


where H is the horizontal component of P. Equations (26) and (27) give the same values only 
where the resultant P is horizontal. 

3. Crushing. — In Fig. 7 the load on the foundation will be due to a vertical force P, which 
produces a uniform stress, pi « P/d, over the area of the base, and a bending moment * P-6, 
which produces compression, pi, on the front and tension, pi, on the back of the foundation. 
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The sum of the tensile stresses due to bending must equal the sum of the compressive stresses, 
= \Pid, These stresses act as a couple through the centers of gravity of the stress triangles on 
each side, and the resisting moment is 

M' = \P2-d^\d = ( 28 ) 




But the resisting movement equals the overturning moment, and 


and 


6F-b 


The total stress on the foundation then is 


(29) 


P - pi ^ P 2 - Pi(i ^ 6bfd) 


Now if 6 = id, we will have 


p = 2pi, or o. 


(30) 


In order therefore that there be no tension, or that the compression never exceed twice the 
average stress, the resultant should never strike outside the middle third of the base. 

If the resultant strikes outside of the middle third of a wall in which the masonry can take 
no tension, the load will all be taken by compression and can be calculated as follows: 

In Fig. 8 the resultant F will pass through the center of gravity of the stress diagram, and 
will equal the area of the diagram. 

F = ip-a 

and 


P 


— 

3 ® 


(31) 


which gives a larger value of p than would be given if the masonry could take tension. 

General Principles of Design. — The overturning moment of a masonry retaining wall of 
gravity section depends upon the weight of the filling, the angle of internal friction of the filling, 
the surcharge, and the height and shape of the wall. The resisting moment depends upon the 
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weight of the masonry, the width of the foundation, and the cross-section of the wall. The most 
economical section for a masonry retaining wall is obtained when the back slopes toward the 
filling. In cold localities, however, this form of section may be displaced by heaving due to the 
action of frost, and it is usual to build retaining walls with a slight batter forwards. The front of 
the wall is usually built with a batter of from i in. to i in. in 12 in. In order to keep the center 
of gravity of the wall back of the center of the base it is necessary to increase the width of the 
wall at the base by adding a projection to the front side. Where the wall is built on the line 
of a right of way it is sometimes necessary to increase the width of the base by putting the pro- 
jection on the rear side, making an L-shaped wall. The weight of the filling upon the base and 
back of the wall adds to the stability of the wall. Where the wall is built to support an em- 
bankment expensive to excavate, it is often economical to make the wall L-shaped, with ah the 
projection on the front side. 

In calculating the thrust on retaining walls great care must be exercised in selecting the 
proper values of w and 0, and the conditions of surcharge. It will be seen from the preceding 
discussion that the value of the thrust increases very rapidly as 4 > decreases, and as the surcharge 
increases. Where the wall is to sustain an embankment carrying a railroad track, buildings, 
or other loads, a proper allowance must be made for the surcharge. 

The filling back of the wall should be deposited and tamped in approximately horizontal 
layers, or with layers sloping back from the wall; and a layer of sand, gravel or other porous 
material should be deposited between the filling and the wall, to drain the filling downwards. 
To insure drainage of the filling, drains should be provided back of the wall and on top of the 
footing, and “weep-holes” should be provided near the bottom of the wall at frequent intervals 
to allow the water to pass through the wall. With walls from 15 to 25 ft. high, it is usual to use 
“weepers” 4 in. in diameter placed from 15 to 20 ft. apart. The “weepers” should be connected 
with a longitudinal drain in front of the wall. The filling in front of the wall should also be 
carefully drained. 

The permissible point at which the resultant thrust may strike the base of the foundation 
will depend upon the material upon which the retaining wall rests. When the foundation is 
solid rock or the wall is on piles driven to a good refusal, the resultant thrust may strike slightly 
outside the middle third with little danger to the stability of the wall. When the retaining wall, 
however, rests upon compressible material the resultant thrust should strike at or inside the center 
of the base. Where the resultant thrust strikes outside of the center of the base, any settlement 
of the wall will cause the top to tip forward, causing unsightly cracks and local failure in many 
cases, and total failure where the settlement is excessive. Where extended footings are used it 
may be necessary to use some reinforcing steel to prevent a crack in the footing in line with the 
face of the wall. 

Plain masonry walls should be built in sections, the length depending upon the height of the 
wall, the foundation and other conditions. 

Under usual conditions the length of the sections should not exceed 40 ft., 30 ft. sections 
being preferable, and in no case should the length of the section exceed about three times the 
height. Separate sections should be held in line and in elevation, either by grooves in the masonry 
or by means of short bars placed at intervals in the cross-section of the wall, fastened rigidly in 
one section and sliding freely in the other. The back of the expansion joints should be water- 
proofed with 3 or 4 layers of burlap and coal tar pitch. The burlap should be about 30 in. wide, 
and the pitch and the burlap should be applied as on tar and gravel roofs. The joints between 
the sections of a retaining wall on the front side should be from J to i of an in. in width, and 
should be formed by a V-shaped groove made of sheet steel and fastened to the forms while the 
concrete is being placed. Where there is danger of the water in the filling percolating through 
the wall or in an alkali country, the surface of the back of the wall should be coated with a water- 
proof coating. The most satisfactory waterproof coating known to the author is a coal tar 
paint made by mixing refined coal tar, Portland cement and kerosene in the proportions of 16 
parts refined coal tar, 4 parts of Portland cement and 3 parts of kerosene oil. The Portland 
21 
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cement and kerosene should be mixed thoroughly and the coal tar then added. In cold weather 
the coal tar may be heated and additional kerosene added to take account of the evaporation. 
This paint not only covers the surface but combines with it, so that two or three coats are some- 
times required. While the surface of the concrete should be dry, coal tar paint will adhere to 
moist or wet concrete. In building retaining walls in sections, the end of the finished section should 
be coated with coal tar paint to prevent the adhesion to the next section. 

For methods of waterproofing masonry, see methods of waterproofing bridge floors in Chap- 
ter IV. 

DESIGN OF RETAINING WALLS. — The design of masonry retaining walls will be 
illustrated by the design of the retaining walls for West Alameda Avenue Subway, taken from 
the author’s “The Design of Walls, Bins and Grain Elevators,” second edition. 

Design of Retaining Walls for West Alameda Avenue Subway, Denver, Colorado. — The 
height of the walls varied from 8 ft. to 29 ft. 3 in., while the foundation soil varied from a compact 
gravel to a mushy clay. The design of the maximum section, which rests on a compact gravel, 
will be given. The concrete was mixed in the proportion of I part Portland cement, 3 parts sand 
and 5 parts screened gravel. Crocker and Ketchum, Denver, Colo., were the consulting engineers. 
The wall is shown in Fig. 9 and in Fig. 10. 

The following assumptions were made: Weight of concrete, 150 lb. per cu. ft.; weight of 
filling, w =* 100 lb. per cu. ft.; angle of repose of filling, : i (</► = 33® 40'); surcharge, 600 lb. 
per sq. ft., equivalent to 6 ft. of filling; maximum load on foundation, 6,000 lb. per sq. ft. 

Solution. — After several trials the following dimensions were taken: Width of coping 2 ft. 
6 in., thickness of coping i ft. 6 in., batter of face of wall i in. in 12 in , batter of back of wall 
3I in. in 12 in., width of base 15 ft. 2| in. (ratio of base to height = 0.52), front projection cf 
base 4 ft., other dimensions as shown in Fig. 9, The calculations were made for a section of the 
wall one foot in length. 

The property back of the wall will probably be used for the storage of coal, etc., and it was 
assumed that the surcharge came even with the back edge of the footing of the wall. The resultant 
pressure of the filling on the plane A -2 was calculated by the graphic method of Fig. 5 and Fig. 6, 
and was found to be P' = 17,290 lb. The weight of the filling in the wedge back of the wall is 
W* » 16,435 lb., acting through the center of gravity of the filling. The resultant of P' and 
IF' is P = 23,850 lb. the resultant pressure of the filling on the back of the wall. The weight 
of the masonry is IF = 33,144 lb., acting through the center of gravity of the wall, and the re- 
sultant of P and IF is P = 52,510 lb. = the resultant pressure of the wall and the filling upon 
the foundation. The vertical component of P is P = 49,580 lb., and cuts the foundation, 5 = 2.1 
ft. from the middle. 

1. Stability Against Overturning. — The line OD in this case is nearly parallel to the line ^IF 
which brings the point S in Fig. 9 at a great distance from the point IF. The factor of safety 
against overturning was calculated on the original drawing and found to be /p > 25. 

2. Stability Against Sliding. — The coefficient of friction of the masonry on the footing will 
be assumed to be tan *** 0.57 and 0' =» 30®. Through 0 , Fig. 9, draw OQ, cutting the base of 
wall 5^4 at 6, and making an angle » 30® with a vertical line through 6. Then the factor of 
safety against sliding will be 

/. » QM’IRM - 2.5 

This is ample as the resistance of the filling in front of the toe will increase the resistance 
against sliding. 

3. Stability Against Crushing. — In Fig. 9 the direct pressure will be />i - 49,580/15.21 
» 3,220 lb. per sq. ft. 

The pressure due to bending will be 

^ 6 P* 5 /<f* (6 X 49,580 X 2.i)/23i.4 «■ ^ 2,700 lb. per sq. ft., and the maximum 

pressure is 

P — 3,220 4 * 2,700 — -f 5,920 lb. per sq. ft. 
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and the minimum pressure is 

p - 3,220 — 2,700 ■» + 520 lb. per sq. ft. 

The allowable pressure was 6,000 lb. per sq. ft., so that the pressure is safe for a compact gravel. 
Where the walls were supported on the mushy clay it was necessary to extend the projection of 
the footing on the front side and to bring the resultant F to the center of the wall. 



4. Upward Pressure on Front Projection of Foundation , — Where projections are used on the 
foundations of retaining walls it may be necessary to reinforce the base to prevent the projection 
breaking off in line with the face of the wall. The bending moment of the upward pressure about 
the front face of the wall from Fig. 9 is 

^ “ 1(5.920 -f 4,120) X 4 X 2.1 X 12 
• - 506,000 in-lb. 

The tension on the concrete at the bottom of the footing will be 

/ - M-cfl - M dl2l - (506,000 X 27)/i 57,464 
« 88 lb. per sq. in. 

Since the ultimate strength of the concrete in tension is approximately 200 lb. per sq. in.. 
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no reinforcing is required. However, J in. □ bars were placed i8 in. centers and 3 in. from the 
bottom of the foundation. 

Data. — The coefficients of friction of various materials are given in Table I. The angles of 
repose of different materials are given in Table II. The conditions of surface and amount of 
moisture cause wide variations in the coefficients. Additional data for the design of retaining 
walls are given in Tables III to VI. 

TABLE I. 

Coefficients of Friction. 


Materials. 

Coefficients. 

Materials. 

Coefficients. 

Dry masonry on dry masonry 

0.6 to 0.7 

Masonry on dry clay 

0.5 to 0.6 

Masonry on masonry with wet 


Masonry on moist clay 

0-33 

mortar 

0.75 

Earth on earth 

0.25 to I.O 

Timber on stone 

0.4. 

Hard brick on hard brick 

0.7 

Iron on stone 

0.3 to 0.7 

Concrete blocks on concrete 

Timber on timber 

0.2 to 0.5 

blocks 

0.65 


1 


TABLE IL 

Angles of Repose, < f >, for Materials. 


Materials. 


Materials. 


Earth, loam 

0 

0 

0 

0 

Clay 

0 

uo 

0 

0 

Sand, dry 

25 ° to 35<> 
30® to 45® 

Gravel 

30° to 40® 
25® to 40® 

Sand, moist 

Cinders 

Sand, wet 

15° to 30° 

Coke ... . . 

30® to 45® 


TABLE III. 

Allowable Pressure on Foundations. 


Material. 

Pressure in Tons per Sq. Ft. 

Soft clay 

I to 2 

Ordinary clay and dry sand mixed with clay 

2 to 3 

Dry sand and clay 

3 to 4 

Hard clay and firm, coarse sand 

4 to 6 

Firm, coarse sand and gravel 

6 to 8 

Bed rock 

15 and up. 



TABLE IV. 

Allowable Pressure on Masonry. 


Materials. 

Pressure in Tons per Sq. Ft. 

Common brick, Portland cement mortar 

12 

Paving brick, Portland cement mortar 

15 

Rubble masonry, Portland cement mortar 

12 

Sandstone, first class masonry 

20 

Limestone, first class masonry 

25 

Granite, first class masonry 

30 

Portland cement concrete, 1-2-4 

25 

Portland cement concrete, 1-3-6 

20 
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TABLE V. 


Weight, Specific Gravity and Crushing Strength of Masonry. 


Materials. 

Weight in Pounds 
I)er Cubic Foot. 

Specific Gravity. 

Crushing Strength in 
Pounds per Square Inch. 

Sandstone 

150 

160 

180 

i6s 

165 

150 

140 to 150 

1 12 

2.4 

2.6 

2.9 

2.7 

2.7 

2-4 

2.2 to 2.4 

1.8 

4.000 to 15,000 
^000 to 20,000 

19,000 to 33,000 

8.000 to 20,000 

8.000 to 20,000 

2.000 to 6,000 
2,500 to 4,000 

1.000 to 2,500 

Limestone 

Trap 

Marble 

Granite 

Paving brick, Portland cement 

Stone concrete, Portland cement 

Cinder concrete, Portland cement 


TABLE VI. 

Weight of Different Materials. 


Materials. 

Wt. per Cu. Ft.. Lb. 

Materials. 

Wt. per Cu. Ft., Lb. 

Loam, loose 

Tx)am, rammed 

75 to 90 

90 to 100 

90 to 1 10 

Sand, wet 

Gravel 

1 10 to 120 

120 to 135 

105 to 120 

Sand, dry 

Soft flowing mud 


For specifications for concrete, plain and reinforced, see Chapter VI. 

EXAMPLES OF RETAINING WALLS. — Details of six masonry retaining walls with a 
gravity section arc given in Fig. lo. These retaining walls represent the best practice. Details 
of four reinforced concrete retaining walls are given in Fig. ii. For additional examples see 
the author’s “The Design of Walls, Bins and Grain Elevators.” 

The contents of standard concrete retaining walls, as designed by the Illinois Central Rail- 
road, are given in Fig. 12. 

DESIGN OF RETAINING WALLS AND ABUTMENTS.* — ^The Committee believes that 
the intelligent use of theoretical formulas leads to economical and proper design, and therefore 
recommends that Rankine’s formulas which consider that the filling is a granular mass of indefinite 
extent, without cohesion, be used in the design of retaining walls. It is recommended that retain- 
ing walls be designed (a) for a level surcharge, or (6) for a sloping surcharge at the angle of repose, 
or (c) for a level surcharge with a uniform surcharge loading. Formulas based on Rankine are 
given for vertical walls, walls leaning away from the filling, and for walls leaning toward the filling. 

The use of a fixed ratio of width to height leads to a neglect of the distribution of the pres- 
sure on the foundation. This is a question of great importance, since it is well established that 
movements from the original alignment, due to unequal settlement, form a defect more common 
than any other. The Committee feels that attention should be called to the importance of making 
a study of each case in designing a wall, particularly of the weight and character of the filling, and 
the amount and distribution of the pressure on the bed of foundations. 

DESIGN OF RETAINING WALLS. — ^The following nomenclature is recommended: 
the angle of repose of the filling. 

0 = the angle between the back of the wall and a horizontal line passing through the 
heel of the wall and extending from the back into the fill. 

B * angle of surcharge, the angle between a horizontal line and the surface of the filling. 
(It is recommended that values of 5 =oor 5 *=^be used.) 

X “ the angle between the resultant thrust, P, and a horizontal line. 

h vertical height of the wall in feet. 

V ■■ height of surcharge in feet. 

* Report of the masonry committee of American Railway Engineering Association, adopted 
March 22, 1917* 
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/ = width of the base of the wall in feet. 

e = distance from the center of the base to the intersection of the resultant thrust, E, 
and the base. 

a = //2 — = distance from toe of wall to intersection of the resultant thrust, E, and 

the base. 

P = the resultant earth pressure per foot of length of wall. 

E = the resultant of the earth pressure and the weight of the wall. 

F = vertical component of resultant E. 
w =» the weight of the filling per cubic foot. 

Wi — the weight of the masonry per foot of length. 

W = total weight of the wall per foot of length. 

pi and />2 = pressure per square foot on the foundation, due to E, at toe and heel, respectively. 

Formulas. — The following formulas for vertical walls or for walls leaning away from the 
filling are based on Rankine’s Theory, as given in Howe’s “Retaining Walls,” and in Ketchum’s 
“Walls, Bins and Grain Elevators”; and the formulas for walls leaning toward the filling are 
based on a modification of Rankine’s Theory, as given in Ketchum’s “Walls, Bins and Grain 
Elevators.” 

For vertical walls with horizontal surcharge the pressure, P, is given by the formula 

P = (45- - J ) (32) 


where P is parallel to the top surface, is normal to the wall, and is applied at one-third the height 
of the wall above the base. 

For vertical walls with a positive surcharge, 5 the pressure, E, is giv n by the formula 


E = 


, ^ ^ cos 8 — Vcos^ 6 — cos^ <t> 

W-li-- cos 8 . - 

cos 5 Vcos* 8 ~ cos’^ 4> 


( 33 ) 


where P is parallel to the top surface of the filling, makes an angle 8 with a normal to the back of 
the wall, and is applied at one-third the height of the wall above the base. Where the surcharge 
is equal to the angle of repose, formula (33) becomes 

P = Ja;-/j2-co3 </> (34) 


For a vertical wall with a loaded surcharge the resultant pressure on the back of the wall 
will be given by the formula 


P = 


\w*h{h -f- 2W) 


I — sm <t> 
I -h sin 


(35) 


where h is the height of the wall and h' the equivalent height of surcharge, equals surcharge per 
square foot divided by w, the weight per cubic foot of the filling. 

The resultant pressure is horizontal and is applied at a distance from the base of the wall 
equal to 


^ }^_±jh^h' 
^ i(h + 2 h') 


(36) 


(a) In calculating the surcharge due to a track the entire load shall be taken as distributed 
uniformly over a width of 14 feet for a single track or tracks spaced more than 14 feet centers, 
and the distance center to center of tracks where tracks are spaced less than 14 feet. 

(b) In calculating the pressure on a retaining wall where the filling carries permanent tracks 
or structures, the full effect of the loaded surcharge shall be considered where the edge of the 
distributed load or the structure is vertically above the back edge of the heel of the wall. The 
effect of the loaded surcharge may be neglected where the edge of the distributed load or the struc- 
ture is at a distance from the vertical line through the back edge of the heel of the wall equal to h. 
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the height of the wall. For intermediate position the equivalent uniform surcharge load is to be 
taken as proportional. For example, for a track with the edge of the distributed load at a distance, 
A/2, from the vertical line through the back edge of the heel of the wall, the equivalent uniform 
surcharge load is one-half the normal distributed load distributed over the filling. Case 15, Fig. 
13, explains the distribution. The height of surcharge loading will be equal to the load per 
linear foot divided by 6 (6 * 14 feet for a single track railway). Where the edge of the distributed 
load cannot come nearer to the vertical line through the back of the heel of the wall than A — x, 
the equivalent uniformly distributed load in terms of heights is 


A.' 



For walls leaning forward or walls with the base extending into the filling, the pressure of the 
filling on a vertical plane through back of the heel of the wall, as calculated above, is to be com- 
bined with the wedge of filling contained between this vertical plane and the back of the wall. 



Fig. 13. Equivalent Surcharge for Concentrated Loads. 


For walls leaning toward the filling the resultant pressure, P, will be horizontal for a wall 
without surcharge or with a horizontal loaded surcharge, and will make an angle, X, with the hori- 
zontal for a wall with a sloping surcharge. The values of X will vary from 6 , where the wall is 
vertical, to zero, where Rankine’s Theory shows that the resultant pressure is horizontal. Values 
of X are given in cases 10 and ii, Fig. 12. Valuesof iC, whereP - are given in cases 

10 and II, Fig. 12. 

The formulas for the different cases above are given in cases i to 9, Fig. 12. 

Discussion of Formulas.— Cases i to 3 arc for vertical walls without heels. The pressure, 
P, is the same as the pressure on a vertical plane in the filling. Vertical walls with heels come 
under cases 4 to 6. 
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Cases 4 to 6 are for walls with heels. The wall may be vertical or may lean forward, or may 
lean backward, as long as the upper edge of the back of the wall is in front of the vertical plane 
through the edge of the heel. 

Cases 7 to 9 are for walls without heels. Walls with heels come under cases 4 to 6 as long as 
the upi>er edge of the back of the wall is in front of the vertical plane through the edge of the heel; 
if the upper edge of the back of the wall extends back of the vertical plane through the edge of the 
heel, the problem can be solved by combining the solutions of cases 4 to 6 and 7 to 9. 

Pressure on Foundations. — The pressures on foundations will be calculated by the follow- 
ing formulas: 

Where a is equal to or greater than l/s. 

Pressure at the toe 

pi ” (4I- 6a) ^ (37)- 

Pressure at the heel is 

P, - (6a- 2/) ^ (38) 

Where a is less than I/3, the pressure at the toe is 

/>i “ (39) 

Principles for Design of Retaining Walls. — ^The following principles should be observed 
in the design and construction of retaining walls. 

1. For usual conditions of the filling use an angle of repose of ij to i (<f> = 33® 42'). For 
dry sand or similar material, a slope of i to l (0 « 45®) may be used. 

2. The maximum pressure at the toe of the retaining wall should never exceed the safe 
bearing pressure on the material considered. 

3. When the retaining wall rests on a compressible material, where settlement may be ex- 
pected, the resultant thrust, E, should strike at the middle or back of the middle of the base of the 
wall so that the wall will settle toward the filling (a * or > //2). 

4. When the retaining wall rests on a material where settlement may not be expected the 
resultant thrust, E, should not strike outside the middle third of the base (a = or > l/$), except 
as noted in (5) below. 

5. Where the retaining wall rests on solid rock or is carried on piles the resultant thrust, E, 
may strike slightly outside the middle third, provided the wall is safe against overturning, and also 
provided the maximum allowable pressure is not exceeded. 

6. In order that the retaining wall may be safe against sliding, the frictional resistance of the 
base, combined with the abutting resistance of the earth in front of the wall, must be greater than 
the horizontal thrust on the back of the wall. 

7. The filling back of the wall should be carefully drained so that the wall may not be sub- 
jected to hydrostatic pressure. 

8. The foundation for a retaining wall should always be placed below frost line, 

9. A careful study should be made of the conditions in the design of each wall, and it should 
be remembered that no theoretical formulas can be more than an aid to the judgment of the 
experienced designer. The main value of theoretical formulas is in obtaining economical pro- 
portions, in obtaining a proper distribution of the stresses, and in making experience already 
gained more valuable. 
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AFPROXIMATB DESIGN OF REINFORCED CONCRETE RETAINING WALLS.— 

The formulas and curves shown in Figs. 14 and 15 give the approximate dimensions, foundation 
pressures, and factors of safety for most types of reinforced concrete retaining walls, including 
the cantilever wall, and the counterfort wall. 

These formulas and curves are based on the assumption that the wall and the Ailing have 
the same weight per cubic foot, and the weight of the toe is neglected. This is shown by the 
shaded areas in the figures. The values given by the formulas and curves are sufficiently accurate 
for determining the general dimensions of a wall preliminary to design. 

Two sets of formulas are given. In Fig. 14 the resultant pressure on the foundation passes 
through the outside edge of the middle third of the base and in Fig. 15 the resultant pressure 
passes through the center of the base. See Principles of Design in this chapter. 

Four cases have been considered: (a) the ground surface horizontal; (6) the ground surface 
sloping at the angle of repose; (c) a loaded surcharge up to a point vertically over the edge of 
the heel but not extending over the heel; and (d) a loaded surcharge extending over the heel. 
The loaded surcharge is taken as equivalent to some vertical load, such as loaded tracks, bins, etc. 

The factor of safety against sliding is given by the nearly vertical lines crossing the solid 
curves. The angle of friction is taken as — 33® 42' (ij to i) in all cases. The effect of a 
cut-off was not considered. The factor of safety against overturning is always safe in this type 
of wall. 

Two sets of curves are given for each case, one with the angle of repose as ^ 33® 42' (i J 

to i) and one with the angle of repose as ^ » 45® 00' (i to i) . See Principles of Design in this 
chapter. 

The curves show that, except in the case with sloping surcharge, the smallest width of base 
will be obtained when the front of the vertical slab is at a distance of two-thirds the width of the 
base from the heel when the resultant cuts the base at the edge of the middle third, and when the 
front of the vertical slab is at the center of the base when the resultant cuts the base at the center. 

Concrete Retaining Walls. Methods of Constructing Forms. — Forms for a retaining wall 
may be built in sections, or may be built up each time they are used. The former method is 
much the cheaper, especially for plain concrete walls where the sections between expansion joints 
are of equal length. The forms used on the C. B. & Q. R, R. walls shown in Fig. 17 are shown 
in Fig. 18. The studs, coping and bottom forms for the face, and the back forming are sectional, 
while ordinary sheeting is used between the coping and bottom forms. No attempt was made 
to use sectional forms on the face of the wall, because the sections soon become badly warped, 
making a rough wall. The concrete had a tendency to lift the forms and they were tied to bars 
imbedded in the footings as shown. The sectional forms were 12 ft. o in. long, while the studs 
were spaced 3 ft. o in. center to center. 

The forms for the Illinois Central R. R. retaining wall shown in Fig. 10 are shown in Fig. 15. 
The forms were built in sections 54 ft. long. The forms were cross-braced by i in. rods spaced 
7 ft. 8J in. center to center as shown. When the forms were taken down the ends of these rods 
were unscrewed, the main portion of the rod being left in the wall. The forms were made of 
2 in. plank surfaced on the inside. 

The forms used by the Chicago and Northwestern Ry. on track elevation in Chicago are 
shown in Fig. 20. The forms were built in sections 35 ft. long. The 2 in. X 8 in. braces were 
used to hold the sides of the forms apart and were removed as the concrete was put in place. The 
2 in. pipe used to cover the rod bracing was old boiler flues and rejected pipe. 

Ingredients in Concrete. — The proportions of concrete materials should be stated in terms 
of the volume of the cement. The volume of one barrel or four bags of cement is taken as 3.8 
cu. ft., and the sand and aggregate are measured loose. Concrete mixed one part cement, 2 parts 
sand, and 4 parts stone is commonly called 1:2:4 concrete. The proportions should be such 
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that there should be more than enough cement paste to fill the voids in the sand, and more than 
enough mortar to fill the voids in the stone. With voids in sand and stone varying from 40 to 45 
per cent, the quantities of the ingredients are closely given by Fuller’s rule, where 


Then 


c -f- J -f g 
X J X 3-8 
27 

p XgXs S 

27 


c number of parts of cement; 

5 number of parts of sand; 
g “ number of parts of gravel or stone. 

p « number of barrels of Portland cement required for one cu. yd. concrete. 

number of cu. yd. sand required for one cu. yd. concrete. 

number of cu. yd. gravel or stone required for one cu. yd. concrete. 



Fig. 16. Contents of Concrete Retaining Walls, Illinois Central Railroad. 


The materials for one cu. yd. of i : 2 : 4 concrete will then be: Portland cement 1.57 barrels, 
sand 0.44 cu. yd., gravel or stone 0.88 cu. yd. 

The proportions for plain walls commonly vary from i : 2} : 5 to i ; 3 : 6, while the pro- 
portions for reinforced walls vary from i : 2 : 4 to i : 2} : 5. 

Mixing and Placing Concrete. — For mixing concrete a batch mixer in which the materials 
can be definitely proportioned and thoroughly mixed is to be preferred. In cold weather the 
concrete materials should be heated by the addition of boiling water to the mixer. To prevent 
scalding the cement the sand, aggregate and hot water should first be placed in the mixer and, 
after giving it several turns to remove the frost, the cement should be added and the mixing 
completed. 

The author uses the following specifications for placing concrete in cold or freezing weather. 
“When the temperature of the air during the time of mixing and placing is below 40® Fah. the 
water used in mixing the concrete shall be heated to such a temperature, that the temperature 
of the concrete when deposited in the forms shall not be less than 60® Fah. Care shall be used 
not to scald the cement.” 

Where the wall is in a cut and the materials can be delivered on the bank, the mixer may be 
installed on the bank above and the concrete wheeled or chuted to place. Concrete should not 
be chuted in freezing weather. In building the West Alameda Avenue Subway retaining walls, 
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Denver, Colo., the graverand sand were taken from the cut, the concrete was mixed in mixers 
installed at the foot of movable towers, and the concrete was raised in a skip elevator and chuted 
into place. 

On railroad work the mixer may be mounted on a flat car, the materials may be delivered on 
other cars, and the concrete is dumped or chuted directly into place. 



Fig. 17. Retaining Wall, C. B. Fig. 18. Forms for Retaining Wall, C. 

& Q, R. R. B. & Q. R. R. 

SPECIFICATIONS FOR CONCRETE RETAINING WALLS.— The following extracts 
have been taken from the specifications prepared by Crocker and Ketchum, Consulting Engineers, 
for the concrete retaining ’walls for the West Alameda Avenue Subway, Denver, Colo. 

16. MATERIALS. Cement. — The cement shall be furnished by the Companies on board 
cars or in store houses at the site of the work as required. The cement shall be Portland, and 
shall meet the requirements of the Standard Specifications of the American Society for Testing 
Materials. ' 

17. Concrete Aggregate. — The fine aggregate shall pass a screen with \ in. nK'rh, while the 
coarse aggregate shall all be retained on a screen with J in. mesh and all shall pass a ^xrreen with 
3 in. mesh. The sand and gravel shall be obtained from the excavation of the open cut of the 
Subway. The Consulting Engineers reserve the right to change the profxjrtions of siind and 
screened gravel (§34 and §35) from time to time, as may be necessary to secure a dense concrete 
of desired consistency. Payment to the Contractor for the screening will be made on the basis 
of unit price per cubic yard of gravel measured after screening. 

18. Water. — The water used in mixing concrete shall be clean and reasonably clear, free 
from acids and injurious oils, alkalies or vegetable matter. 

19. Lumber. — Lumber for forms shall have a nominal thickness of 2" before surfacing, and 
shall be of a good quality of Douglas fir or Southern long leaf yellow pine. Lumber used for 
forms of face work shall be dressed on one side and both edges to a uniform thickness and width. 
Lumber for backing and other rough work may be unsurfaced and of an inferior grade of the 
kinds above specified. 

20. Reintorcing Steel. — All reinforcing steel shall be plain bars, and shall comply with the 
M>ecifications for structural steel as given in the Standard Specifications of the American Railway 
Engineering Association. 

21. EXCAVATION. — The subway is being excavated by the Companies but the contractor 
shall make all necessary excavations for wall and pedestal footings, and shall furnish all necessary 
sheeting and supports and bracing to hold the forms in place during the construction of the work. 
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The cost of the necessary sheeting and supports shall be included in the unit price for excavation. 
The Contractor shall provide all pumps and other equipment incidental to such excavation. 

22. All excavation shall be measured in vertical prisms whose end areas are of sufficient 
size to include the footing courses, and the sheeting surrounding the same. “Wet excavation" 
shall include all excavation below the surface of standing water in open pits. 

23. CONCRETE. Machine Mixing. — Machine mixers, preferably of the batch type, shall 
be used except where the volume of concrete to be mixed is not sufficient to warrant their use. 
The requirements are that the product delivered shall be of the specified proportions and con- 
sistency, and thoroughly mixed. 



R. R. Retaining Wall. Retaining Wall. 

24. Mixing by Hand. — When it is necessary to mix by hand the mixing shall be done on water 
tight platforms of sufficient size to accommodate men and materials for the progressive and 
rapid mixing of at least two batches of concrete at the same time. Batches shall not exceed one- 
half yard. The mixing shall be done as follows: riic fine aggregate shall be spread evenly Uf>on 
the platform, then the cement upon the fine aggregate ami these mixed thoroughly until of an 
even color. Then add the coarse aggregate which, if dry, shall first be thoroughly wet down. 
The mass shall then be turned with shovels until thoroughly mixed and all the aggregate covered 
with mortar, the necessary amount of water being added as the mixing proceeds. 

25. Consistency. — The material shall be mixed wet enough to produce a concrete of such 
consistency that it will flow into the forms and about the metal reinforcement, and which on the 
other hand can be conveyed from the place of mixing to the forms without the separation of the 
coarse aggregate from the mortar. 

26. Retempeiing. — Rctempering mortar or concrete, i. e.. remixing with water after it has 
partially set will not be i>crmitted. 

22 
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27. Placiiig of Concrete. — Concrete after the addition of water to the mix, shall be handled 
rapidly from the place of mixing to the place of final deposit, and under no circumstances shall 
concrete be used that has partially set before final placing. 

28. The concrete shall be deposited in such a«manner as will prevent the separation of the 
ingredients and permit the most thorough compacting. It shall be compacted by working with 
a straight shovel or slicing tool kept moying up and down until all the ingredients have settled 
in their proper place, and the surplus water 19 forced to the surface. All concrete must be de- 
posited in horizontal layers of uniform thickness throughout. Temporary planking shall be placed 
at ends of partial layers so that the concrete shall not run out to a thin edge. In placing concrete 
it shall not be dropped through a clear space of over 6 ft. vertical. For greater heights a trough 
or other suitable device must be used to deliver the concrete in place, and in depositing each 
batch this trough or other device must first be carefully filled with concrete and then as fast as 
concrete is removed at the bottom it shall be replenished at the top. 

29. The work shall be carried up in alternate sections of approximately 32 ft. in length as 
shown on the plans, and each section shall be completed without intermission. In no case shall 
work on a section stop within 18 in. of the top. 

m Before depositing concrete, the forms shall be thoroughly wetted, except in freezing 
weather, and the space to be occupied by the concrete cleared of debris. 

31. Expansion Joints. — Expansion joints shall be provided (sections were approximately 
32 ft. long) as shown on the plans. The wall shall be constructed in alternate sections, the ends 
of the sections being formed by vertical end forms, the section being completed as though it were 
the end of the structure. Before placing the remaining sections the end forms shall be removed 
and the surface of the concrete shall be painted with coal tar paint, composed of sixteen (16) 
parts coal tar, four (a) parts Portland cement and three (3) parts kerosene oil. The expansion 
joints shall be finished on the exp>osed side by the insertion in the forms of a metal mold that will 
give a groove J in. wide, i in. deep and shall have a draft of i in. The wall sections shall be 
KKked tc^ether by means of bars as shown on the plans. 

32. Forms. — Forms shall be substantial and unyielding and built so that the concrete shall 
conform to the design, dimensions and contours, and so constructed as to prevent the leakage of 
mortar. Where corners of the masonry and other projections liable to injuiy occur, suitable 
moldings shall be placed in the angles of the forms to round or bevel them oft. Material once 
used in forms shall be cleaned before being used again. 

33. The forms must not be removed within 36 hours after all the concrete in that section 
has been placed; in freezing weather they must remain until the concrete has had sufficient time 
to become thoroughly set. 

34. Proportioning. — In proportioning concrete, a barrel or 4 sacks of Portland cement shall 
be assumed to contain 3.8 cu. ft., while the sand and gravel shall be measured loose in a measuring 
vessel. The proportions required for concrete are as follows: 

For footings, walls of retaining walls, abutments, and pedestals, one (i) part Portland cement, 
three (3) parts sand and five (5) parts gravel. For bridge seats and copings, one (i) part Portland 
cement, two (2) parts sand and four (4) parts gravel. 

35. The tops of the bridge seats, pedestals, and copings, shall be finished with a smooth 
surface composed of one (i) part Portland cement and two (2) parts sand applied in a layer i in. 
thick. This must be put in place with the last course of concrete. 

36. Water-Proofing. — ^The expansion joints in the retaining walls and abutments shall be 
water-proofed as follows: After the forms have been removed and the concrete is thoroughly 
dried, the back of the wall for a distance of 18 in. on each side of the expansion joints shall be 
mopped with hot refined coal tar pitch. A layer of burlap shall then be placed so as to cover the 
expansion joints, and the burlap shall be mopped with coal tar pitch. In the same manner two 
additional layers of burlap shall be applied, making a 3-ply water- proofing. 

37. Reinforcing Bars. — Reinforcing bars, where us^, shall be placed 3 in. clear from the 
outside surface of the concrete, and shall be placed in the position shown on the plans. Care 
must be taken to insure the coating of the metal with mortar, and a thorough compacting of 
concrete around the bars. All reinforcing bars shall be clean and free from all dirt or grease. 

38. Freezing Weather. — Concrete shall not be mixed or deposited at a freezing temperature, 
unless special precautions are taken to avoid the use of materials containing frost or covered 
with ice, and means are provided to prevent the concrete from freezing. Where the temperature 
of the air during the time of mixing and placing concrete is below 40® Fahr. the water used in 
mixing the concrete shall be of such a temperature, that the temperature of the concrete when 
delivered in the forms shall not be lower than 60® Fahr. Special precautions shall be taken not 
to scald the cement. 

39. PUdi^ in Water. — Concrete shall not be deposited under water except on the approval 
of the Consulting Engineers. Where water is encountered without current, but in such quantity 
that it cannot be lowered to the required depth and maintained there, or where such lowering 
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would cause further difficulty, concrete may be deposited through troughs or other device in the 
manner designated above. 

4a Cleanii^ Up. — Upon the completion of any section of the work the Contractor shall 
remove all debris caused by his operations and leave the work ready for backfilling. 

RSFSRENCES. — For the design of reinforced concrete retaining walls, examples of plain 
and reinforced concrete retaining walls, details of construction, and the theory of reinforced 
concrete, see the author’s “The Design of Walls, Bins and Grain Elevators.” For a discussion of 
the theory of the pressures in granular materials and semi-fluids, see Chapter VIII, Bins, and 
Chapter IX, Grain Elevators; also see the author’s “The Design of Walls, Bins and Grain Ele- 
vators.” 




CHAPTER VI. 


Bridge Abutments and Piers. 

Introduction. — An abutment is a structure that supports one end of a bridge span and at the 
same time supports the embankment that carries the track or roadway. An abutment also 
usually protects the embankment from the scour of the stream. 

A pier is a structure that supports the ends of two bridge spans. Piers must be designed 
so as not to interfere with the flow of the stream, and care must be used to prevent undermining 
the pier by the scour of the stream. 

TYPES OF ABUTMENTS. — Masonry abutments may be cla'ssified under four heads, 
Fig. I, (a) straight or “stub” abutments; (b) wing abutments; (c) U abutments; (d) T abutments. 

(a) The standard straight abutment of the N. V. C. & H. R. R. R., shown in Fig. i, is an 
excellent example of an abutment of this type. The earth fill is allowed to flow around the ends 
of the abutment as shown. Straight abutments should not be used where the water will wash 
the fill away. 

{b) A standard wing abutment of the N. Y. C. & H. R. R. R. is shown in Fig. i. The length 
of the wings is determined by the width of the roadway, the allowable slope of the sides of the 
embankment and the angle of the wings. The angle that the wings make with the face of the 
abutment ordinarily varies from 30 degrees to 45 degrees for standard conditions. For skew 
bridges and for unusual conditions the angle of the wing is variable. 

(c) A standard U abutment of the N. Y. C. cK: H. R. R. R. is shown in Fig. i. This is a 
wing abutment with the wings making an angle of 90 degrees with the face of the abutment. 
The wings are tied together by means of old railroad rails as shown. The wing walls run back 
into the fill, which flows down in front of the wings. If the slope is liable to be washed away by 
the scour of the stream the wings should be extended farther into the bank. 

(d) A standard T abutment of the South Bend and Michigan Southern Railway for a skew 
span is shown in Fig. i. The T abutment is essentially a straight abutment with a stem running 
back into the fill; the stem carries the roadway, supports the abutment, and prevents water from 
finding its way along the back of the abutment. A T abutment may be considered as a U abut- 
ment with the two wings in one. 

STABILITY OF BRIDGE ABUTMENTS WITHOUT WINGS.— A bridge abutment 
must be stable (l) against overturning, (2) against sliding, and (3) against crushing the material 
on which the abutment rests, or the masonr>^ in the abutment. The problem of the design of a 
bridge abutment is essentially the same as the design of a retaining wall, for which see Chapter V. 
The method of design will l)e shown by giving the calculations for a straight concrete abutment 
for West Alameda Avenue Subway, Denver, Colo. 

Design of Concrete Abutment for West Alameda Avenue Subway, Denver, Colorado. — The 
height of the abutment is 21 ft. 6 in. from the bottom of the footing to the top of the bridge scat, 
and 25 ft. oj in. to the top of the back wall. The following assumptions were made: Weight of 
concrete, 150 lb. per cu. ft.; weight of filling, w = 100 lb. per cu. ft.; angle of repose of the filling, 
ij to I {<f> — 33® 42'); surcharge 800 lb. per sq. ft., equivalent to 8 ft. of filling; maximum load 
on foundation 6,000 lb. per sq. ft. 

Solution. — After several trials the dimensions given in Fig. 2 w'ere taken. The stability of 
the abutment was investigated for tw'o conditions: (a) with a full live and dead load on the bridge 
and on the filling, and (b) with no live load on the bridge and no surcharge coming on the filling 
above the wall, it being assumed that a locomotive is approaching the bridge from the right, and 
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has reached the point 2 in (b), Fig. 2. The weight of the girders and the live load was assumed as 
uniformly distributed over a length of the abutment equal to the distance between track centers, 
and one lineal foot of wall was investigated. 

Case (a).— -The pressure of the filling on the plane B-2 was calculated as in Chapter V. 
Fig. 9, and is F « 14,700 lb., acting through the center of gravity of the trapezoid 2-3-4— B. 
The weight of the filling and surcharge is PFj -h « 14,900 lb., which when combined with F' 
gives the resultant pressure of the filling on the wall - F = 20,900 lb. The pressure F is then 
combined with the weight of the wall, Wi = 29,800 lb., and with the dead load and live load 
from the girder = 12,820 lb., giving the resultant pressure on the foundation, E = 59,400 lb., 
and acting, 6 = 1.4 ft. from the center of the wall, and F = 57,500 lb. 

I. Stability Against Overturning,— resultant E is nearly vertical and well within the 
middle third, so that the wall is amply safe against overturning. 



Fig. 2. Abutment for West Alameda Avenue Subway, Denver, Colo. 


2. Stability Against Assuming that = 30®, then the coefficient of friction will 

be tan 0' * 0.57. Using the definition of factor of safety given in equation (27) Chapter V, the 
resistance of the wall against sliding will be 57,500 X 0.57 = 32,765 lb. The sliding force is 
F' « 14,700 lb., and the factor of safety is 32,765/14,700 = 2.23, which is ample. 

3. Pressure on Foundation, — The pressure on the foundation will be /> « F/d =*= 6 F*bld^ 
” 4 - 5»740 and -f 1,700 lb. per sq. ft., which is safe. 

4. Upward Pressure on Front Projection of Foundation, — The base will be investigated on 
the plane 7-8 to see that the upward pressure will not break off the front projection of the founda- 
tion. The bending moment of the upward pressure about the front face of the wall in (a), Fig. 2, 
will be 
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M = J(5.740 + 4.690)4 X 2.1 X 12 
= 525,672 in-lb. 

The tension on the concrete at the bottom of the footing will be 
f =s - 525.672 X 27 

= 92 lb. per sq. in. 

The footing is safe, but i in. □ rods were placed 18 in. centers and 3 in. from the bottom of 
the foundation. 

Case (b). — The solution is the same as for (a) except that the live load from the girder = 9,980 
lb., and the surcharge load 1-2-5-6 = Wz — 6,620 lb. were omitted. The wall is safe for over- 
turning. The factor of safety against sliding is from equation (27) Chapter V, = 41,500 
X 0.57/14,700 = 1.6, which is safe. The pressure on the foundation is safe. 

The back wall was placed after the bridge seats were finished. To bond the back wall to 
the abutment, i in. □ rods 4 ft. long, spaced 18 in. centers, were placed in two rows 3 in. from 
the back and front face, one-half of the length of the rod being imbedded in the main wall. 

PRINCIPLES OF DESIGN. — To prevent tension on the back side of the footing and to 
make sure that the maximum compression on the front side of the footing shall not be greater 
than twice the average pressure, the resultant of the thrust of the filling, the weight of the masonry, 
the weight of the bridge and the live load must strike within the middle third of the base. Where 
the abutment rests on rock or solid material where settlement will not occur, it will not be serious 
if the resultant strikes a little outside of the middle third, providing the allowable pressure on the 
foundation is not exceeded. When the abutment is on compressible material where settlement 
will take place, the resultant of the pressures should strike at or back of the center of the base, so 
that the abutment will not tip forward in settling. It is standard practice to use piles in the 
foundation for abutments resting on compressible soil. 

For the design of wing walls see the design of Retaining Walls, Chapter V. 

In addition to the requirements for stability abutments should satisfy the following additional 
requirements. 

(a) The abutment should protect the bank from scour, {b) The abutment should prevent 
the embankment drainage from washing away the bank, (c) The abutment should be easily 
drained. 

Empirical Design. — A common rule is to make the minimum thickness of the main part of 
the abutment not less than the height above any section; and project the footings on each 
side as may be required. Empirical methods of design often give unsatisfactory results and arc 
not to be recommended. 

DESIGN OF BRIDGE PIERS. — Bridge piers must be designed (i) for the total vertical 
load due to the dead load of the span and the live load on the span, and the weight of the pier; 
(2) for wind pressure on the pier and the bridge; (3) to withstand floating drift and ice; and (4) 
to take the longitudinal thrust due to stopping a car or train on the bridge, and due to temperature 
when the rollers do not move freely. The wind pressures are calculated as sfx?cified in speci- 
fications for bridges, and are assumed to act in the vertical line of the center of the pier; on the 
top chord of the truss; the bottom chord of the truss; 6 or 7 feet above the base of the rail; and at 
the center of gravity of the exposed part of the pier. The total wind moment is then calculated 
about the leeward edge of the base of the pier, and the maximum stresses on the foundation due 
to direct load and wind are calculated in the same manner as the calculation of the pressures of 
abutments. 

The effect of the current of the stream and of floating ice and drift are difficult to calculate. 
The pressure of a flowing stream on an obstruction is given by the formula 

P » nt’wa* — 
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where P «» the total pressure on the surface; m = a constant; w = weight of a cubic foot of 

water; a = area of wetted surface normal to the current in square feet; v = velocity of current 

in feet per second; and g = acceleration due to gravity = 32.2 feet. The value of m varies with 
the shape and the dimensions of the pier. Weisbach’s Mechanics gives the following data: — 
For a prism three times as long as broad, m == 1.33. For a pier five or six times as long as broad 
and with a cutwater having plane faces and an angle of 30 degrees between the cutwater faces, 
m = 0.48. For a square pier, m = 1.28, and for a circular pier, m — 0.64. 

The maximum pressure due to floating ice will be the crushing strength of the ice, which 
varies from 400 to 800 lb. per sq. in. The principal danger from floating ice and drift is that 

the current of the stream will be deflected downward and will gouge out the material around 

and under the pier and cause failure. To prevent this it is quite common to build piers with a 
“break-water,” “starkwater,” “cutwater,” or nose that will deflect drift and ice, or to put in a 
pile protection on the upstream side of the pier. If the water can get under the pier the buoyancy 
of the water must be considered in calculating the stability of the pier. If there is danger of 
scouring then it is well to deposit large stones and riprap around the base of the pier. 

Batter. — Piers and abutments are seldom battered more than one inch to one foot of vertical 
height, or less than one-half inch to the foot, although high piers are sometimes battered only 
one-fourth inch to one foot. 

ALLOWABLE PRESSURES ON FOUNDATIONS.— The allowable pressures on founda- 
tions depend upon the material, the drainage, the amount of lateral support given by the adjacent 
material, the depth of the foundation, and other conditions, so that it is not possible to give data 
that will be more than an aid to the judgment. If properly designed a moderate settlement of 
some particular structure may do no harm, while a less settlement in another structure may be 
disastrous. Professor I. O. Baker gives the values in Table I in his “ Masonry Construction.” 

TABLE I. 


Safe Bearing Power of Soils.* 


Kiad of Material. 

Safe Bearing Power in Tons per Square Foot. 

Min. 

Max. 

Rock hardest in thick layers in bed 

200 



Rock equal to best ashlar masonry 

25 

30 

Rock equal to best brick 

15 

20 

Rock equal to poor brick 

5 

10 

Clay in thick beds, always dry 

4 

6 

Clay in thick beds, moderately dry 

2 

4 

Clay soft 

I 

2 

Gravel and coarse sand, well cemented 

8 

10 

Sand compact and well cemented 

4 

6 

Sand clean, dry 

2 

4 

Quicksand, alluvial soils, etc 

0-5 

I 


Present practice is more nearly given by the values in Table II. Foundations should never 
be placed directly on quicksand. 

TABLE II. 

Allowable Bearing on Foundations. 


Kind of Material. 

Tons per Square Fo^>t, 

Soft clay or loam 

I 

Ordinary clay and dry sand mixed with clay 

2 

Dry sand and dry clay 

3 

4. 

Hard clay and firm, coarse sand 

Firm, coarse sand and gravel 

T 

6 

Shale rock 

8 

Hard rock . . . . 

20 



* Baker’s “ Masonry Construction,” John Wiley & Sons. 
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Mr. £. L. Corthell gives the summary of the pressures on deep foundations in Table III. 


TABLE III. 

Actual Pressures on Deep Foundations.* 


Actual Pressures which Showed No Settlement. 


Fine sand 

Coarse sand and gravel . 

Sand and clav 

Alluvium and silt 

Hard clay 

Hard pan 


Number of 

Pressure in Tons per Square Foot. 

Elxamples. 

Maximum. 

Minimum. 

Average. 

10 

‘ 5-4 

2.25 

4-5 

33 

7 - 7 S 

1 

S-I 

10 

8.5 

2.S 

4-9 

7 

6.2 

i-S 

2.9 

16 

8.0 

2.0 

5.08 

5 

12.0 

3-0 

8.7 


Actual Pressures which Showed Settlement. 



The data in Table III shows that great care must be used in determining on the allowable 
pressure for any particular foundation, and that safe values for the bearing power of soils should 
only be used as an aid to the judgment of the engineer. 

WATERWAY FOR BRIDGES. — The clear waterway for bridges should be ample; great 
care should be used to prevent floating logs and debris from clogging up the ojxjning. The neces- 
sary waterway depends upon the character and sizeof the runoff area, the slope and size of the stream 
and upon other local conditions. The “Dun Drainage Table,” Table IV, will be of assistance in 
assisting the judgment of the engineer in determining on the proper waterway for any bridge. 

Many formulas have been proposed for determining the waterway of culverts and bridges. 
The formula best known to the author is that proposed by Professor A. N. Talbot. It is 

A - cV^ 

where A « area of the required opening in sq. ft.; 

M s area of drainage basin in acres; 

c * a coefficient varying with the slope of the ground, slope of the drainage area, character 
of the soil and character of vegetation. 

Professor Talbot gives the following values of c : r =» f to i for steep and rocky ground; 
c « i for rolling agricultural country, subject to floods at times of melting snow, and with the 
length of valley 3 to 4 times its width; r = J to J for districts not affected by accumulated snow 
and where the length of the valley is several times its width. 

PREPARING THE FOUNDATIONS. — ^The preparation of the site of the abutment or 
pier wjll depend upon the conditions and character of the material. 

Rock. — Where the water can be excluded, the rock should be cleared of all overlying material 
and disintegrated rock. The surface is then leveled up either by cutting off the projections or 
by depositing a layer of concrete. 

Hard Ground. — ^The material should be excavated well below the frost and scour line. Where 
the foundations cannot be carried low enough to prevent undermining, piles should be driven at 
about 2i to 3 ft. centers over the foundation. 

* ** Allowable Pretauret on Deep Foundations ’* by E. L. Corthell John Wiley & Sov 
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TABLE IV. 

The Dun Drainage Table.* 


Atchison, Topeka & Santa Fe Railway System. 



* American Railway Engineering Association, Vol. la, p. 484. This report also contains an 
•Uborate report on Runoff and Waterways for Culverts. 
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Soft Ground. — The materials should be excavated to a solid stratum or piles spaced about 
2 i to 3 ft. centers should be driven over the foundation to a good refusal. The piles should be 
cut off below low water level to carry a timber grillage, or concrete may be deposited around the 
heads of the piles. Where water cannot be excluded it will be necessary to use one of the following 
methods: open caisson, crib, coffer dam, or pneumatic caisson. 

In using an open caisson the masonry is built up or the concrete is deposited in a water tight 
box built of heavy timbers or of reinforced concrete, the caisson being sunk as the pier is built up. 






Type ft. 

Flarinq Wings. 

To be usea df crossings of 51 reams 
end at other places vvhere this 
type is desirahle. 

Hngle P is usually 30^but may be 
varied to suit /ocai conditions. 


To suit superstructure, but not less 
than 3'-ufor girders and trusses 
or 2' 0 "for solid floor. 

Pt least ih Use special 
treat rrent for hign backv/alts. 

If bdckwall is /ess than 5-0 " 
high to be Class P Concrete, 

. if over. Class b 

5_- 0 _ for frost batter Concrete 

’ 0/d rails 10% 12 c toe. 
to be used where soft 
mater 'a! is ^ojnd Where 
piles are not used base 
of ^ads to be 0 'from 
[bottom. 

■Humber of piles, if required, 
to be determined by character of underlying 
material. 

Foundation to suit local conditions, but not to 
be /ess than 4-0 "deep unless good rock is found. 

Notes !- 

ffU exposed corners Ef edges to be rounded to 
^ / inch radius 

. Where splicir g of rads in feundatien is recessary 
these tc ^ fully boded wt h 2 angit t ars 
break ina ioints. 

*1 ^ n Backfilling to be cmdf'.y or 

other porous material. 

NYC,^NP.PP 

3TmwfidD pim 

RhUERmnm 

TYPES 


Type B. 

jl straight Wings. 

To be used at Street and 
Highway crossings where 
Haring wings are not desir- 
able. Ft Streets an<f Highways foot of bat' 
ter is usual !y placed on building line 


Fig. 4 . Masonry Abutments, N. Y. C. & H. R. R. R. 


The caisson is commonly floated into place and then is sunk on piles w'hich have been sawed off 
to receive it, or on a solid rock foundation. The sides of timber caissons are usually removed 
after the pier is completed. 

Timber cribs are made of squared timbers placed transversely and longitudinally, and bolted 
together so as to form a solid structure with open pockets. The crib is sunk by loading the 
pockets with stone. No timber should be left above the low water mark in open caissons or cribs. 

A coffer dam is usually made by driving two rows of sheet piling around the pier,. the space 
between the rows of piling being filled with clay puddle. For small depths a single row of sheet 
piling is often sufficient. Where the depth is too great for one length of sheet piling, additional 
rows are driven inside the first. Steel sheet piling is now much used for difficult foundations. 
Steel sheet piling can be driven through ordinary drift and similar material, is not limited in 
depth, and is practically water tight when used in a single row. It can be drawn and used again. 
It is almost impossible to shut off all the water with a coffer dam, and pumps should be provided. 

Pneumatic caissons should only be used under the direction of exp>crienced engineers and 
will not be considered here. 

For details of sinking piers see Jacoby & Davis’ “ Foundations of Bridges and Buildings ”, 
McGraw-Hill Book Company. 
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EXAMPLES OF RAILWAY BRIDGE ABUTMENTS.— Standard stone masonry abut* 
ments designed by the Baltimore & Ohio Railway are shown in Fig. 3. These abutments are 
to be used for deck and through girder spans. The plans are worked out in detail and give data 
for different conditions. 

Standard designs for a straight abutment and for a wing abutment designed by the N. Y. C. 
& H. R. R. R. are shown in Fig. 4. Data for different conditions are given on the plans. The 
quantity of masonry and of old railroad rails required for the N. Y. C. & H. R. R. R. abutments 
shown in Fig. 4 are given in Fig. 5. The wings are the length required for a flare of 30 degrees and 
a side slope of roadway of to i. 
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Fig. 5. Quantities in Masonry Abutments, N. Y. C. & H. R. R. R. 


The quantity of concrete in single track railway bridge abutments as designed by the Illinois 
Central R. R. arc given in Fig. 6. The quantities in double track abutments may he calculated 
as shown in Fig. 6. 

Cooper’s Sta n da r d Abutments — ^Thc abutment in (o\ Fig. 7 f from Cooper's “General 
Specifications for Foundations and Substructures of Highway and Electric Railway Bridges.” 
The length, /, and the thickness, a, for highway and single track electric railway bridges are as 
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given, and are proportional for intermediate spans. These abutments may be made of either 
first-class stone masonry, or first-class Portland cement concrete. 

For double track electric railway bridges add one foot to the value of a in Fig. 7. The mini- 
mum thickness of the wall at any point is to be 0.4 of the height. The length of the wing walls 
will be determined by local conditions. 



Fig. 6. Quantities in Masonry Abutments, Illinois Central Railroad. 


The abutment without wing walls in {b), Fig. 7. has the same dimensions as the abutment 
with wing walls. The width for single track electric railways may be taken as 14 ft., double 
track 26 ft. The approximate cubical quantities in abutments without wing walls are given in 
Fig. 7 

RAILWAY BRIDGE PIERS. — Standard piers for railway bridges as designed by the 
N. Y, C. & H. R. R. R, are shown in Fig. 8. Dimensions and data for different spans and heights 
of piers are given on the plans. The quantities of masonry in the standard plans shown in Fig. 8 
are given in Fig. 9, for deck spans and for through spans. 

Quantities of masonry in piers for deck plate girder spans are given in Fig. 10 and for through 
girder and truss spans in Fig. 1 1. These piers were designed and the estimates were prepared by 
the bridge department of the Illinois Central Railroad. 

niinois Central Railroad Pier. — Details of a concrete pier designed and built by the Illinois 
Central Railroad are shown in Fig. 12. The pier rests on timber piles spaced as shown. The 
“starkwatcr” is reinforced with an 8 in. I beam. 

Cooper’s Standard Masonry Piers. — The masonry pier in Fig. 13 is from Cooper’s “General 
Specifications for Substructures of Highway and Electric Railway Bridges.” The length, /, and 
the thickness, a, for highway and single track electric railway bridges are given in Fig. 13. These 
piers may be made of either first-class stone masonry, or first-class Portland cement concrete. 

For double track electric railway bridges add one foot to /, and 6 inches to a. The width, 
w = center to center of trusses, and may ordinarily be taken 14 ft. for single track, and 26 ft. 
for double track through bridges. Where drift and logs are liable to injure the pier the nose 
of the cut-water should be protected with a steel angle or plate. The approximate cubical con- 
tents of the piers are given in Fig. 13. 

STEEL TUBULAR PIERS. — Steel cubular piers are made of steel plates riveted together 
and filled with concrete. Where the piers are founded on soft material, piles are driven in the 
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bottom of the tube, the piles being sawed off below the water line. The piles should extend at 
least two diameters of the tube above the bottom. The tubes are braced transversely by means 
of struts and tension diagonals above high water and by diaphragm bracing below high water. 
Where the piers will be subject to blows from floating drift or logs they should be protected by a 
timber cribwork or other device. 

Cooper’s Standards. — The tubular piers in Fig. 14 are from Cooper’s “General Specifications 
for Foundations and Substructures for Highway and Electric Railway Bridges.’’ Cooper specifies 
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(b) WiGi/WAy Abutment wiTHOuT Wing Walls 


Approximate Quantities in Cu* Yds* 
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without Wing Walls 


Span 

Feet 

Roadway 

Depth Footing Below Grade 

10 ' 

IB- 

20 ' 

25' 

50- 


12 Feet 

20 

39 

67 

iOO 

145 

mn 

20 Feet 

28 

56 

95 

745 

206 
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44 

75 
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36 
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Fig. 7. Masonry Abutments for Electric Railway and Highway Bridges. 

Cooper’s Standards. 


a minimum thickness of | in. for plates below and J in. above the high water. The minimum size 
of tubular piers are as given in Fig. 14. 

A steel tubular pier with a timber crib protection is given in Fig. 14. The crib is filled with 
loose rock. 

A steel oblong pier, as designed by Cooper, is given in Fig. 15. The center of the truss is to 
come a/2 -f one ft. from the end of the pier. The width a, as specified by Cooper, is given in 

Fig. 15. 

American Bridge Company Standards. — ^The American Bridge Company’s standard tubular 
piers are shown in Fig. 16. The minimum diameters for a height of 15 feet to carry a single span. 
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and data on piers, pier beams and pier bracing are given in Fig. i6. In calculating the weight of a 
pier add one foot to the length of each tube. The weight of the concrete in two tubes is given 
in Fig. 1 6. The concrete is assumed to fill the tube, and the space occupied by piles should be de- 
ducted. The number of piles required for different diameters of tubes is given. The number of 
piles required for large tubes agrees quite closely with Cooper’s Specifications, but the number 
for small tubes is very much less. 

Pier Beams. The sizes of pier beams required for different panel lengths and clear distance 
between tubes in feet are given in Tig. i6. The pier beam should be assumed as one foot longer 
than the clear distance between the tubes, in calculating the weight of the beams. 
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Masonry Piers, N. Y. C. & H. R. R. R. 


Pier Bracing, The pier bracing for piers supporting the ends of two spans are g^ven in 
Fig. i6. If the spans are unequal in length, enter the table with one-half of the algebraic sum 
of the spans. For example, for a pier carrying a 75 ft. and a 125 ft. span, enter the diagram with a 
span of 100 ft. Steel tubular piers should never be used for end abutments carrying a fill. 

In calculating the weight of the diagonal bars the length of the bar should be multiplied by 
the weight per foot as obtained from a handbook, and the details for one bar added to the product. 
In calculating the weight of the struts add one foot to the clear length. 

Pier Cap5.— Tubular piers may be capped with steel plate caps, may be finished with con- 
crete, or may have a stone pedestal block. The weights given in Fig. 16 do not include the 
weights of steel caps. 

Specifications for Steel Tubular Piers for Highway and Electric Railway Bridges. — ^The 
plates for the tubes shall be not less than \ in. thick for tubes up to 30 in. in diameter, not loss 
than A in. for tubes from 30 to 48 in. in diameter, and not less than I in. for tubes from 48 to 
72 m. in diameter. Where the plates are in contact with the soil the thickness shall be increased 
at least * in. For A m. plate and less use j in. rivets; for | in. plate and over use I in. rivets. 

Ihe horizontal seams shall be single lap joints riveted with a pitch of 4 diameters of rivet, 
while the vertical seams shall preferably be butt riveted with single riveting spaced 4 diameters 
dJmeTe’r^^^ diameter of tubes, and double riveting with 3 in. spacing for tubes of larger 

23 
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Fig. 9. Quantities in Masonry Piers, N. Y. C. & H. R. R. R. 
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Fig. 10. Quantities in Masonry Piers for Deck Girders, Illinois Central 

Railroad. 
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Fig. II. Quantities in Masonry Piers for Through Spans, Illinois Central 

Railroad. 


The bracing of piers shall be designed to take all the wind forces specified to come on the 
bridge. Diaphragm webs are to be used up to well above high water for piers located in the 
stream or where floating matenals may find lodgment. Oblong piers shall be braced against 
inside and outside pressure. Piers exposed to injury from floating logs and drift shall be pro- 
tected. 

The tubes should be painted inside and out with two coats of red lead and linseed oil, or 
other prescribed paint. 
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The materials and workmanship shall comply with the specifications for the highway bridge 
superstructure. 

Erection. — Where the bottom will permit, the tubes shall be sunk well below possible scour 
by loading the tube and excavating the material from the inside. For this purpose a clamshell 
bucket is very effective. Driving the tube with h pile driver will cut off the rivets in the horizontal 
seams and will not be permitted. After the tube is sunk, piles are to be driven inside of the 
steel shell, as closely together as possible, using care to get no pile nearer than 4 to 6 in. to the 
steel shell. The piles shall be driven to a good refusal, and the tops sawed off below the low 
water mark and reaching at least 2 diameters of the tube above the bottom. The space inside the 
tubes shall then be filled with concrete well tamped. Concrete should not be deposited in running 
water if possible to prevent it. 



Fig. 12. Details of Illinois Central Railroad Pier. 


Where piers are founded on rock, the tubes are to be anchored to the rock and then filled 
with concrete. Or cribs may be sunk on the rock and the tube set in a pocket in the crib and 
resting on the rock. The space outside the tube is then filled with concrete and the tube is filled 
with concrete in the usual manner. 

Cylinder Piers for Highway Bridge, Trail, B. C.* — Steel cylinder piers were used for a steel 
highway bridge designed by Waddell and Harrington, Consulting Engineers, and built across 
the Columbia River at Trail, B. C. The main spans are 172 ft. 8 in long and are carried on 
piers made of two steel cylinders filled with concrete. The steel cylinders are 9 ft. in diameter 
at the bottom and 6 ft. in diameter at the top, and are 86 ft. long. The cylinders are made of 

* Engineering News, Dec. 5, 1912. 
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Fig. 13. Masonry Piers for Electric Railway and Highway Bridges. 
Cooper’s Standards. 
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plated i in. ttiick and are connected by a double plate web diaphragm, each diaphragm made 
of A in. plates spaced 24 in. apart and 25 ft. high, and reaching from below low water to above 
high water. The diaphragms were covered and filled with concrete. The cylinders are spaced 
21 ft. centers. The piers were sunk by the pneumatic process. 
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Fig. 14. Steel Tubular Piers for Electric Railway and Highway Bridges. 

Cooper’s Standards. 

STEEL CYLINDER PIERS FOR RAILWAY BRIDGES.— Steel cylinder piers have been 
used for the foundations of several important bridges, Table V, by the Chicago and Northwestern 
Railway. Mr. W. H Finley, Asst. Chief Engineer, gives the following advantages of steel cylinder 
piers over masonry piers.* 

(i) “Where it is desired to provide for future second track, cylinder foundations will cost 
very little more for double track than for single track. 


♦ Engineering News, Oct. 24, 1912. 
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(2) “Cylinder piers can be constructed under traffic with less trouble than any other type. 

(3) “Cylinder piers permit of rapid sinking by open dredging where the material is favorable 
and sunken logs are not liable to be encountered. Air pressure can be applied readily and cheaply 
if it becomes necessary.’* 

Details of the cylinder piers for the Oxford Mill Pond bridge are shown in Fig. 17, and details 
of the steel shells for the base of the piers are shown in Fig. 18. The bridge is 481 feet long and 
consists of 30 ft. and 60 ft. spans resting on piers made of two steel cylinders and a steel shell for 
the base, filled with concrete. 



Oblong Steel Piers 

Fig. 15. Steel Oblong Piers for Electric Railway and Highway Bridges. 

Cooper’s Standards. 


TABLE V. 

Data on Several Steel Cylinder Piers used by the Chicago and Northwestern 

Railway. 


Steel Cylinder Piers. 


Number of 
Cylinders 
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Diameter 
of Piers, j 


Top, 

Ft. 

Bot- 

tom, 

Ft 

Thickne 

Metal, 

10 

10 

5 

S 

si 

8 

A 


8 

i 

6 

. . . . 

A 

.... 

12 

i 

.... 


I 


I 3 § 

i 


Steel C 

aisson 

Piers. 

Width, Ft. 

Length, Ft. 

Thickness of 
Metal, In. 

Height of 
Caisson, Ft. 

No. of Piles. 
















10 

29 i 

i 

I 9 i 

49 












t Hard Clay. 


t Rests on Hard Shale. 





344 


BRIDGE ABUTMENTS AND PIERS, 


Chap. VI. 


Cap A 



lrrninanir.*j 


Minimum Diameter or 
Steel Tubular Piers 
FOR A HEI6NT of 15 FEET 
TO Carry A Sinole Span 




Span 

teet 

Diameter 

Inches 

25 

18 . 

50 

21 

75 

24 

100 

27 

125 

30 

150 

33 

175 

36 

200 

42 


jsljOvJiMiE 4 OA 


JncreRse dismeter 3 "for eich sdditionsi 5 feet in height’ 


Stffl tubular Piers 
American Brioce Company Standards 


CYLINDER P/ER5 


All ^entities for One Pair oE Tubes 

Piles 

He-fei 

One 

Tube 

Oiam- 

of 

Tobe 

Weight per Vert Ft 

of2Tubei 

CtrYd 

per 

krtft 


r 


3'f 

J 

7» 

/tf 

2 

7? 

IP 

97^ 

no" 

742* 

*764* 

'/S7‘ 

'O-OSI 

7 

IS 

88 

II4 

140 

167 

794 

220 

0-737 

7 

21 

102 

I3I 

162 

794 

223 

253 

0-178 

7 

24 

7/7 

150 

785 

227 

255 

290 

0-232 

7 

27 

130 

J67 

206 

247 

284 

324 

0-296 

/ 

30 

143 

185 

227 

271 

315 

357 

0-364 

/ 

33 

157 

203 

250 

300 

347 

393 

0440 

I 

36 

172 

222 

273 

326 

377 

429 

0-524 

2 

39 

185 

240 

293 

352 

40S 

463 

0-674 

2 

42 

zoo 

257 

316 

378 

437 

497 

0-772 

3 

45 

Zli\ 

275 

339 

405 

469 

532 

0-820 

3 

4S 


293 

362 

412 

500 

568 

0-930 

4 

54 


329 

405 

485 

563 

636 

7-778 

5 

60 


365 

449 

539 

621 

705 

1-454 

6 

66 



495 

593 

684 

780 

1-758 

7 

72 



538 

643 

743 

845 

2-094 

8 

7S 




698 

805 

977 

2-458 

10 

84 




749 

866 

984 

2-850 

13 


PIER BEAMS 

For Various Panel Lenotns 
ANP Clearances SErkUEEN Beams- 



Clearances for 

1 

1 

1 

Span 

8"r 

9"I 

to"i 

f2"l 

!3EI 

i5"r 

I5'I 

IS"! 

Lengcn 

18** 

21** 

25" 

up 


42** 

50** 

55** 

IZ'(f 

9'M 

wY 

12'3' 

I5'0* 

leT 

/9'3* 

20'0* 

25'6' 

13-0 

9-0 

10-6 

11-9 

14-3 

16-0 

18-6 

19-3 

22-6 

14-0 


lO-O 

11-3 

13-9 

15-6 

17-9 

18-6 

21-9 

15-0 


9-9 

17-0 

13-3 

15-0 

17-0 

18-0 

21-0 

16-0 


9-6 

10-9 

13-0 

14-6 

16-6 

77-3 

20-3 

17-0 


9-0 

70-3 

12-6 

14-0 

16-0 

16-9 

19-9 

18-0 



lO-O 

l2-3\ 

13-6 

15-6 

16-3 

19-3 

19-0 



9-9 

I2-0\ 

13-3 

15-3 

16-0 

18-9 

20-0 



9-6 

I/-6 

13-0 

14-9 

15-6 

18-3 

27-0 



9-3 

11-3 

12-6 

14-6 

15-3 

17-9 


PIER BRACIN6 


tedPis 

tance 

Size,Wtperft 

and 

Details 1 Rod 

Struts:- Sizes 5 Wts‘ per Ft- 
for Various Roadways 

WSk 

WSk 

1 ^ 

mm 

mm 


Detail5,l-Ro<i2(f 

284x3i 

I7"/ft 

784r5i 

l7**/ft 

//%■■ 

Zf4‘'Si 

iT‘/n- 

zMfi 

tzl'ft 


mm. 

m‘"si 

nVft 


8 

M 


TS' 

Ort»lh.HttZZS‘ 

tdFsi 

n’/fb 

U'/fb 

255>:b{ 

/9"/ft 

zmi 

ZH<^8 

ZZ'/fb 

W 

ottas.nitzfr 

D'/ft- 

ZlStfi 

ir/fb 

286^8 

?2Vft- 

2864$ 

22"7ft 

ze7>9i 

zrzrt. 

IZ5‘ 


irVfb 

tr'/fb 

mU 

ZZ'/ft 

zzrfi 

zC/ft 

Zf»i 

Z6*m 


Fig. i6. Steel Tubular Piers for Highway Bridges, 
American Bridge Company. 
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C.L.of fufane T?vck 



Longiiudinflil Elcvo+ion Cross Sectional Elevation 


Fig. 17. Steel Tubular Piers, Oxford Mill Pond Bridge, Chicago & 


Northwestern Railway. 



Sid« EI«va‘Mon 


CN^.NRwS 


Fig. 18. Steel Shell for Base of Cylinder Piers of the Oxford Mill Pond 
Bridge, Chicago & Northwestern Railway. 




MASONRY AND CONCRETE DEFINITIONS AND SPECIFICATIONS . 
Classification of Masonry. ♦ 


Kind. 


Bridge and Retaining 
WaU 


Arch 


Culvert 
Dry. . . 


Material. 

Stone 

Concrete . . 

Stone 

■ Concrete. . 
^ Brick 

{ Stone 

Concrete. . 
Stone 


Description. 


Dimension 


Ashlar. . . . 


I Rubble 
Reinforced 
■ Plain 
, Rubble 

' Ashlar 

Rubble 

/ Reinforced 
\ Plain 


No. I 


/ Rubble 

Reinforced 

Plain 

Rubble 

Rubble 


Manner of 
Work. 


Coursed 

Coursed 1 
Broken- (■ 
coursed J 

Uncoursed 


Coursed. . . 
Uncoursed 


English 

Bond 

Flemish 

Bond 

Uncoursed 


Uncoursed 


Dressing. 

Joints or Beds. 

Face or Surface. 

Smooth 

Smooth 
' Fine pointed 
Rough pointed 

f Smooth 
\ Rock-faced 

f Smooth 
\ Rock-faced 

/ Rough pointed 
\ Scabbled 

Rock-faced 

f Smooth 
\ Fine pointed 
j Rough pointed 
\ Scabbled 

f Smooth 
\ Rock-faced 

Rock-faced 

/ Rough pointed 
\ Scabbled 

Rock-faced 


Definitions.* 

Masonry, Bridge and Retaining Wall. — Masonry of stone or concrete, designed to carry 
the end of a bridge span or to retain the abutting earth, or both. 

Masonry, Arch. — That portion of the masonry in the arch ring only, or between the intrados 
and the extrados. 

Masonry, Culvert — Flat-top masonry structure of stone or concrete, designed to sustain the 
fill above and to permit the free passage of water. 

Masonry, Dry. — Masonry in which stones are built up without the use of mortar. 

Concrete. 

Concrete. — A compact mass of broken stone, gravel or other suitable material assembled 
together with cement mortar and allowed to harden. 

Reinforced Concrete. — Concrete which has been reinforced by means of metal in some form, 
so as to develop the compressive stren^h of the concrete. 

Rubble Concrete. — Concrete in wnich rubble stone are imbedded. 

Brick. 

Brick. — No. I. — Hard burned brick, absorption not exceeding 2 per cent by weight. 

Cement. 

Cement — ^A material of one of the three classes, Portland, Natural and Puzzolan, possessing 
the property of hardening into a solid mass when mixed with water. 

* Adopted by Am. Ry. Eng, Assoc., Vol. 7, 1906, pp. 596-601, 619; Vol. I2, 1911. 
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Portland Cement.— ^This term shall be applied to the finely pulverized product resulting 
fiom the calcination to incipient fusion of an intimate mixture of properly proportioned argil- 
laceous and calcareous materials, and to which no addition greater than 3 per cent has been made 
subsequent to calcination. 

iVatural Cement. — This term shall be applied to the finely pulverized product resulting from 
the calcination of an argillaceous limestone at a temperature only sufficient to drive off the carbonic 
acid gas. 

Puzzolan Cement, as Made in North America. — An intimate mixture obtained by finely 
pulverizing together granulated basic blast furnace slag and slacked lime. 

Courses and Bond. 

Coursed. — Laid with continuous bed joints. 

Broken Coursed. — Laid with parallel, but not continuous, bed joints. 

Uncoursed. — Laid without regard to courses. 

English Bond. — That disposition of bricks in a structure in which each course is composed 
entirely of headers or of stretchers. 

Flemish Bond. — That disposition of bricks in a structure in which the headers and stretchers 
alternate in each course, the header being so placed that the outer end lies on the middle of a 
stretcher in the course below. 


Dressing. 

Dressing. — The finish given to the surface of stones or to concrete. 

Smooth. — Having surface, the variations of which do not exceed onc-sixteenth inch from the 
pitch line. 

Fine Pointed. — Having irregular surface, the variations of which do not exceed one-quarter 
inch from the pitch line. 

Rough Pointed. — Having irregular surface, the variations of which do not exceed one-half 
inch from the pitch line. 

Scabbled. — Having irregular surface, the variations of which do not exceed three-quarters 
inch from the pitch line. 

Rock-Faced. — Presenting irregular projecting face, without indications of tool mark. 

Descriptive Words. 

Abutment. — A supporting wall carrying the end of a bridge or span and sustaining the pressure 
of the abutting earth. The abutment of an arch is commonly called a bench wall. 

Arris. — The external edge formed by two surfaces, whether plain or curved, meeting each 
other. 

Ashlar. — A squared or cut block of stone with rectangular dimensions. 

Backing. — That oortion of a masonry wall or structure built in the rear of the face. It must 
be attached to the face and bonded with it. It is usually of a cheaper grade of work than the face. 

Batter. — The slope or inclination of the face or back of a wall from a vertical line. 

Bed. — The top and bottom of a stone. (See Course Bed; Natural Bed; Foundation Bed.) 

Bed Joint. — A horizontal joint, or one perpendicular to the line of pressure. 

Bench Wall. — The abutment from which an arch springs. 

Bond. — The mechanical disposition of stone, brick or other building blocks by overlapping 
to break joints. 

Build. — A vertical joint. 

Centering. — A temporary support used in arch construction. (Also called centers.) 

Clamp. — An instrument for lifting stone so designed that its grip on the surface of the stone 
is increased as the load is applied. That portion engaging the stone is of wood attached to a steel 
shoe, which in turn is hinged to the shank of the clamp in such a manner as to adjust itself to the 
surface of the body lifted. 

Coping. — A top course of stone or concrete, generally slightly projecting, to shelter the masonry 
from the weather, or to distribute the pressure from exterior loading. 

Course. — Each separate layer in stone, concrete or brick masonry. 

Course Bed. — Stone, brick or other building material in position, upon which other material 
is to be laid. 

Cramps. — Bars of iron having the ends turned at right angles to the body of the bar which 
enter holes in the upper side of adjacent stones. 

Culvert. — A small covered passage for water under a roadway or embankment. 

Dimension Stone. — (i) A block of stone cut to specified dimensions. 

Dimension Stone. — (2) Large blocks of stone quarried to be cut to specified dimensions. 



348 


BRIDGE ABUTMENTS AND PIERS. 


Chap. VI. 


Dowels. — (a) Straight bars of iron which enter a hole in the upper side of one stone and also 
a hole in the lower side of the stone next above. 

Dowel. — (b) A two-piece steel instrument used in lifting stone. The dowel engages the 
stone by means of two holes drilled into the stone at an angle of about 45 degrees pointing toward 
each other. The dowel is not keyed in place. 

Draft. — A line on the surface of a stone cut to the breadth of the chisel. 

Expansion Joint. — A vertical joint or space to allow for temperature changes. 

Extrados. — The upper or convex surface of an arch. 

Intrados. — The inner or narrow concave surface of an arch. 

Face. — The exposed surface in elevation. 

Facing. — In concrete: (i) A rich mortar placed on the exposed surfaces to make a smooth 
finish. 

(2) Shovel facing by working the mortar of concrete to the face. 

Final Set. — A stage of the process of setting marked by certain hardness. (See Cement 
Specifications.) 

Flush. — (Adj.) Having the surface even or level with an adjacent surface. 

Flush. — (Verb.) (i) To fill. (2) To bring to a level. (3) To force water to the surface 
of mortar or concrete by compacting or ramming. 

Footing. — A projecting bottom course. 

Form. — A temporary structure for giving concrete a desired shape. 

Foundation. — (i) That portion of a structure usually below the surface of the ground, which 
distributes the pressure upon its support. (2) Also applied to the natural support itself; rock, 
clay, etc. 

Foundation Bed.* — The surface on which a structure rests. 

Grout. — A mortar of liquid consistency which can easily be poured. 

Header. — A stone which has its greatest length at right angles to the face of the wall, and 
which bonds the face stones to the backing. 

Initial Set. — An early stage of the process of setting, marked by certain hardness. (See 
Cement Specifications.) 

Joint. — The narrow space between adjacent stones, bricks or other building blocks, usually 
filled with mortar. 

Lagging. — Strips used to carry and distribute the weight of an arch to the ribs or centering 
during its construction. 

Lewis. — A four-piece steel instrument used in lifting stone. (The lewis engages the stone 
by means of a triangular-shaped hole into which it is keyed.) 

Lock. — Any special device or method of construction used to secure a bond in the work. 

Mortar. — A mixture of fine aggregate, cement or lime and water used to bind together the 
materials ot concrete, stone or brick in masonry or to cover the surface of the same. 

Natural Bed. — The* surfaces of a stone parallel to its stratification. 

Parapet. — A wall or barrier on the edge of an elevated structure for protection or ornament. 

Paving. — Regularly placed stone or brick forming a floor. 

Pier. — An intermediate support for arches or other spans. 

Pitch. — (Verb.) To square a stone. 

Pitched. — Having the arris clearly defined by a line beyond which the rock is cut away by 
the pitching chisel so as to make approximately true edges. 

Pointing. — Filling joints or defects in the face of a masonry structure. 

Retaining Wall.— A wall for sustaining the pressure of earth or filling deposited behind it. 

Voussoirs. — The individual stones forming an arch. They are always of truncated wedge 
form. 

Ring Stones. — The end voussoirs of an arch. 

Riprap. — Rough stone of various sizes placed compactly or irregularly to prevent scour by 
water. 

Rubble. — Field stone or rough stone as it comes from the quarry. When it is of a large or 
massive size it is termed block rubble. 

Rubbed. — A fine finish made by rubbing with grit or sand stone. 

Set. — (Noun) The change from a plastic to a solid or hard state. 

Slope Wall. — A wall to protect the slope of an embankment or cut. 

Soffit. — The under side of a projection. 

Spall. — (Noun). A chip or small piece of stone broken from a large block. 

Spandrel Wall. — The wall at the end of an arch above the springing line and extrados of the 
arch and below the coping or the string course. 

Stretcher. — A stone which has its greatest length parallel to the face of the wall 

Wing WalL — ^An extension of an abutment wall to retain the adjacent earth. 



SPECIFICATIONS FOR STONE MASONRY.* 

General. 

1. Standard Specifications. — The classification of masonry and the requirements for cement 
and concrete shall be those adopted by the American Railway Engineering Association. 

2. Engineer Defined. — Where the term “Engineer” is used in these specifications, it refers 
to the engineer actually in charge of the work. 

General Requirements. 

3. Stone. — Stone shall be of the kinds designated and shall be hard and durable, of approved 
quality and shape, free from seams, or other imperfections. Unseasoned stone shall not be used 
where liable to injury by frost. 

4. Dressing. — Dressing shall be the best of the kind specified. 

5. Beds and joints or builds shall be square with each other, and dressed true and out of 
wind. Hollow beds shall not be permitted. 

6. Stone shall be dressed for laying on the natural bed. In all cases the bed shall not be 
less than the rise. 

7. Marginal drafts shall be neat and accurate. 

8. Pitching shall be done to true lines and exact batter. 

9. Mortar. — Mortar shall be mixed in a suitable box, or in a machine mixer, preferably of 
the batch type, and shall be kept free from foreign matter. The size of the batch and the pro- 
portions and the consistency shall be as directed by the engineer. When mixed by hand the sand 
and cement shall be mixed dry, the requisite amount of water then added and the mixing continued 
until the cement is uniformly distributed and the mass is uniform in color and homogeneous. 

10. Laying. — The arrangement of courses and bond shall be as indicated on the drawings, or 
as directed by the engineer. Stone shall be laid to exact lines and levels, to give the required bond 
and thickness of mortar in beds and joints. 

11. Stone shall be cleansed and dampened before laying. 

12. Stone shall be well bonded, laid on its natural bed and solidly settled into place in a full 
bed of mortar. 

13. Stone shall not be dropped or slid over the wall, but shall be placed without jarring stone 
already laid. 

14. Heavy hammering shall not be allowed on the wall after a course is laid. 

15. Stone becoming loose after the mortar is set shall be relaid with fresh mortar. 

16. Stone shall not be laid in freezing weather, unless directed by the engineer. If laid, 
it shall be freed from ice, snow or frost by warming; the sand and water used in the mortar shall 
be heated. 

17. With precaution, a brine may be substituted for the heating of the mortar. The brine 
shall consist of one pound of salt to eighteen gallons of water, when the temperature is 32 degrees 
Fahrenheit; for every degree of temperature below 32 degrees Fahrenheit, one ounce of salt shall 
be added. 

18. Pointing. — Before the mortar has set in beds and joints, it shall be removed to a depth of 
not less than one (i) in. Pointing shall not be done until the wall is complete and mortar set; 
nor when frost is in the stone. 

19 Mortar for pointing shall consist of equal parts of sand, sieved to meet the requirements, 
and Portland cement. In pointing, the joints shall be wet, and filled with mortar, pounded in 
with a “set-in” or calking tool and finished with a beading tool the width of a joint, used with a 
straight-edge. 


Bridge and Retaining Wall Masonry — Ashlar Stone. 

20. Bridge and Retaining Wall Masonry. Ashlar Stone. — ^The stone shall be large and 
well proportioned. Courses shall not be less than fourteen (14) in. or more than thirty (30) in. 
thick, thickness of courses to diminish regularly from bottom to top. 

21. Dressing. — Beds and joints or builds of face stone shall be fine-pointed, so that the 
mortar layer should not be more than one-half (J) in. thick when the stone is laid. 

22. Joints in face stone shall be full to the square for a depth equal to at least one-half the 
height of the course, but in no case less than twelve (12) in. 

* Adopted by American Railway Engineering Association. 

349 



350 


BRIDGE ABUTMENTS AND PIERS. 


Chap. VI. 


23. Face or Surface. — Exposed surfaces of the face stone shall be rock-faced, and edges pitched 
to the true lines and exact batter; the face shall not project more than three (3) in. beyond the 
pitch line. 

24. Chisel drafts one and one-half (li) in. wide shall be cut at exterior corners. 

25. Holes for stone hooks shall not be permitted to show in exposed surfaces. Stone shall 
be handled with clamps, keys, lewis or dowels. 

26. Stretchers. — Stretchers shall not be less than four (4) ft. long and have at least one and a 
quarter times as much bed as thickness of course. 

27. Headers. — Headers shall not be less than four (4) ft. long, shall occupy one-fifth of face 
of wall, shall not be less than eighteen (18) in. wide in face, and, where the course is more than 
eighteen (18) in. high, width of face shall not be less than height of course. 

28. Headers shall hold in heart of wall the same size shown in face, so arranged that a header 
in a superior course shall not be laid over a joint, and a joint shall not occur over a header; the 
same disposition shall occur in back of wall. 

29. Headers in face and back of wall shall interlock when thickness of wall will admit. 

30. Where the wall is three (3) ft. thick or less, the face stone shall pass entirely through. 
Backing shall not be permitted. 

*3i-a. Backing. — Backing shall be large, well-shaped stone, roughly bedded and jointed; 
bed joints shall not exceed one (i) in. At least one-half of the backing stone shall be of same 
size and character as the face stone and with parallel ends. The vertical joints in back of wall 
shall not exceed two (2) in. The interior vertical joints shall not exceed six (6) in. Voids shall 

be thoroughly filled with{^°X,/«i/y bedded in cement mortar. 

{ concrete. 

31-b. Backing shall be I headers and stretchers^ as specified in paragraphs 26 and 27, and 
\ heart of wall filled with concrete. 

32. Where the wall will not admit of such arrangement, stone not less than four (4) ft. long 
shall be placed transversely in heart of wall to bond the opposite sides. 

33. Where stone is backed with two courses, neither course shall be less than eight (8) in. 
thick. 

34. Bond. — Bond of stone in face, back and heart of wall shall not be less than twelve (12) 
in. Backing shall be laid to break joints with the face stone and with one another. 

35. Coping. — Coping stone shall be full size throughout, of dimensions indicated on the 
drawings, 

36. Beds, joints and top shall be fine-pointed. 

37. Location of joints shall be determined by the position of the bed plates, and be indicated 
on the drawings. 

38. Locks. — Where required, coping stone, stone in the wings of abutments, and stone 
on piers, shall be secured together with iron clamps or dowels, to the position indicated on the 
drawings. 

Bridge and Retaining Wall Masonry — Rubble Stone. 

39. Dressing. — The stone shall be roughly squared, and laid in irregular courses. Beds shall 
be parallel, roughly dressed, and the stone laid horizontal to the wall. Face joints shall not be 
more than one (i) in. thick. Bottom stone shall be large, selected flat stone. 

40. Laying. — The wall shall be compactly laid, having at least one-fifth the surface of back 
and face headers arranged to interlock, having all voids in the heart of the wall thoroughly filled 

with / 

" \ suitable stones and spalls ^ fully bedded in cement mortar. 

Arch Masonry — Ashlar Stone. 

41. Arch Masonry, Ashlar Stone. — Voussoirs shall be full size throughout and dressed true 
to templet, and shall have bond not less than thickness of stone. 

42. "Dressing. — Joints of voussoirs and intrados shall be fine-pointed. Mortar joints shall 
not exceed three-eighths (j) in. 

{ smooth. 

rock faced, with a marginal 
draft. 

44. Number of courses and depth of voussoirs shall be indicated on the drawings. 

45. Voussoirs shall be placed in the order indicated on the drawings. 

* Paragraphs 3i~a and 31-b are so arranged that either may be eliminated according to 
requirements. Optional clauses printed in italics. 
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concrete, 

46. Backing. — Backing shall consist of large stone^ shaped to fit the arch bonded to the spandrel 

and laid in full bed of mortar. 

47. Where waterproofing is required, a thin coat of mortar or grout shall be applied evenly 
for a finishing coat, upon which shall be placed a covering of approved waterproofing material. 

48. Centers shall not be struck until directed by the engineer. 

49. Bench Walls, Piers, Spandrels, etc. — Bench walls, piers, spandrels, parapets, wing walls 
and copings shall be built under the specifications for Bridge and Retaining Wall Masonry, 
Ashlar Stone. 

Arch Masonry — Rubble Stone. 

50. Arch Mason^, Rubble Stone. — Voussoirs shall be full size throughout, and shall have 
bond not less than thickness of voussoirs. 

51. Dressing. — Beds shall be roughly dressed to bring them to radial planes. 

52. Mortar joints shall not exceed one (i) in. 

53. Face or Surface. — Exposed surfaces of the ring stone shall be rock-faced, and edges 
pitched to true lines. 

54. Voussoirs shall be placed in the order indicated on the drawings. 

concrete. 

55. Backing. — Backing shall consist of large stone, shaped to fit the arch, bonded to the span- 

drel, and laid in full bed of mortar. 

56. Where waterproofing is required, a thin coat of mortar or grout shall be applied evenly 
for a finishing coat, upon which shall be placed a covering of approved waterproofing material. 

57. Centers shall not be struck until directed by the engineer. 

58. Bench Walls, Piers, Spandrels, etc. — Bench walls, piers, spandrels, parapets, wing walls 
and copings shall be built under the specifications for Bridge and Retaining Wall Masonry, 
Rubble Stone, 

Culvert Masonry. 

59. Culvert Masonry. — Culvert Masonry shall be laid in cement mortar. Character of 
stone and quality of work shall be the same as specified for Bridge and Retaining Wall Masonry, 
Rubble Stone. 

60. Side Walls. — One-half the top stone of the side walls shall extend entirely across the 
wall. 

61. Cover Stones. — Covering stone shall be sound and strong, at least twelve (12) in. thick, 
or as indicated on the drawings. They shall be roughly dressed to make close joints with each 
other, and lap their entire width at least twelve (12) in. over the side walls. They shall be doubled 
under high embankments, as indicated on the drawings. 

62. End Walls, Coping. — End walls shall be covered with suitable coping, as indicated on 
the drawings. 

Dry Masonry. 

. 63. Dry Masonry. — Dry Masonry shall include dry retaining walls and slope walls. 

64. Retaining Walls. — Retaining Walls and Dry Masonry shall include all walls in which 
rubble stone laid without mortar is used for retaining embankments or for similar purposes. 

65. Dressing. — Flat stone at least twice as wide as thick shall be used. Beds and joints 
shall be roughly dressed square to each other and to face of stone. 

66. Joints shall not exceed three-quarters (}) in. 

67. Disposition of Stone. — Stone of different sizes shall be evenly distributed over entire 
face of wall, generally keeping the larger stone in lower part of wall. 

68 The work shall be well bonded and present a reasonably true and smooth surface, free 
from holes or projections. 

69. Slope Walls. — Slope Walls shall be built of such thickness and slope as directed by the 
engineer. Stone shall not be used in this construction which docs not reach entirely through the 
wall. Stone shall be placed at right angles to the slopes. The wall shall be built simultaneously 
with the embankment which it is to protect. 
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I. Material. 

1. Cement. — The cement shall meet the requirements of the American Railway Engineering 
Association’s “ Specifications for Portland Cement.” It shall be stored in a weatner-tight 
structure with the floor raised not less than one foot from the ground in such a manner as to 
permit easy access for proper inspection and identification of each shipment. Cement that has 
nardened or partially set shall not be used. 

2. Fine Aggregate. — (a) The fine aggregate shall consist of sand, crushed stone or gravel 
screenings, graded from fine to coarse, and passing when dry, a screen having holes one-quarter 
(J) inch in diameter. Not more than twenty-fiv'e (25) per cent, by weight shall pass a No. 50 
sieve, and not more than six (6) i')er cent, a No. 100 sieve when screened dry, nor more than ten 
(10) per cent, dry weight shall pass a No. 100 sieve when washed on the sieve with a stream of 
water. It shall be clean and free from soft particles, mica, lumps of clay, loam or organic matter. 

(b) The fine aggregate shall be of such quality that mortar briquettes made of one (i) part 
of Portland cement and three (3) parts of the fine aggregate by weight shall show a tensile strength, 
after an age of seven (7) days, not less than the strength of briquettes of the same age, made 
of mortar of the same consistency in the proportion of one (i) part of the same cement to three 
(3) parts of standard Ottawa sand. 

3. Coarse Aggregate. — The coarse aggregate shall consist of gravel or crushed stone, which, 
unless otherwise specified or called for on the plans, shall, for plain mass concrete, pass a screen 
having holes two and one-quarter (2i) inches in diameter, and for reinforced concrete a screen 
having holes one and one-quarter (ij) inches in diameter; and be retaine<l on a screen having 
holes one-fourth (}) inch in diameter, and shall be graded in size from the smallest to the largest 
particles. It shall be clean, hard, durable and free from all deleterious matter; coarse aggregate 
containing dust, soft or elongated particles shall not be useel. 

4. Stone for Rubble or Cyclopean Concrete. — ^These stones shall be of good quality, clean, 
dense and hard, without seams and having sharp edges. They .shall not be smaller tnan of a 
size known as ” one-man stone.” 

5 - Slag . — Provided the contract specifically permits the use of crushed slag as a coarse 
aggregate, it shall be air cooled, blast furnace slag, conforming to all the requirements for coarse 
aggregate specified in Paragraph 3. The crushed slag shall weigh not less than seventy (70) lb. 
per cubic foot, and shall be obtained only from such banks as have the approval of the Engineer. 
All slag used shall have seasoned in the bank for a period not less than one (i) year, unless in 
the opinion of the Engineer a shorter period is sufficient. 

6. Water. — ^The water shall be free from oil, acid and injurious amounts of vegetable matter, 
alkalies or other salts. 

7. Steel Reinforcement. — (a) All structural steel shapes used for reinforcing shall conform 
to the requirements of the American Railway Engineering Association’s ” Specifications for Steel 
Railway Bridges.” 

(b) All steel rods or bars used for reinforcing shall conform to the requirements of the Amer- 
ican Railway Engineering Association’s “ Specifications for Billet-Steel Concrete Reinforcement 
Bars.” 

II. Proportioning. 


8. Unit of Measure. — The unit of measure shall be the cubic foot. Ninety-four (94) lb. 
(one (l) sack or one-fourth (J) barrel) of cement shall be assumed as one (i) cubic foot. 

9. Proportions. — (a) The proportions of the materials shall be in accordance with the plans, 
or detailed specifications, or schedule governing the work. When not otherwise specified, the 
proportions by volume shall be as follows: (See 8, 10.) 


C/055. 

A 

B 

C 


Use. Cement. 

Reinforced concrete — Concrete deposited under water. . i 

Mass concrete in forms i 

Foundation i 


Fine 

Aggregate. 

2 

3 


Coarse 

Aggregate. 

4 

5 

6 
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(b) Rubble or cyclopean concrete, when permitted by the contract, shall be either Class “ B ” 
or Class “ C ” concrete, having embedded in it large stones. 

(c) For any given class of concrete, the relative proportion of cement to fine aggregate shall 
not be modified. The relative proportion of fine to coarse aggregate shall be modified, if necessary, 
during the progress of the work, so as to obtain the maximum density. (See §9a.) 

10. Measuring Proportions. — The various ingredients, including the water, shall be measured 
separately, and the methods of measurement shall be such as to invariably secure the proper 
proportions. The fine and coarse aggregate shall be measured loosely as thrown into the measuring 
receptacle. (See 8, 9a.) 

11. Consistency. — The quantity of water used in mixing shall be the least amount that 
will produce a plastic or workable mixture which can be worked into the forms and around the 
reinforcement. Under no circumstances shall the consistency of the concrete be such as to permit 
a separation of the coarse aggregate from the mortar in handling. An excess of water will not 
be permitted, as it seriously affects the strength of the concrete and any batch containing such 
an excess will be rejected. 

12. Premixed Aggregate. — (a) Provided the contract specifically permits, premixed aggregate 
may be used instead of separate fine and coarse aggregates. Frequent tests shall be made to 
determine the relative proportions of fine and coarse aggregates, and if these proportions are 
unsatisfactory to the Engineer, or so irregular as to make it impracticable to secure a properly 
proportioned concrete, he may reject the material, or require that it be screenerJ and used as 
separate fine and coarse aggregates. 

(b) The proportion of the cement to the fine aggregate shall at no time be less than that 
specified for tne classes of concrete where separate aggregates are used. (See §9a.) 

III. Forms. 

13. Materials. — (a) The forms shall be of wood or metal, and shall conform to the shape, 
lines and dimensions of the concrete as called for on the plans. Form lumber used against the 
concrete shall be dressc<l on one side and both edges, to a uniform thickness and width, and shall 
be sound and free of loose knots. 

(b) For all expose<l edges, corners or other projections of the concrete, suitable moldings or 
bevels shall be placed in the angles of the forms to round or bevel the edges of the concrete. 

14. Workmanship. — (a) The forms shall be well built, substantial and unyielding, and made 
sufficiently tight to prevent leakage of mortar and voids in the concrete. They shall be properly 
braced or tied together by rods, bolts or wires. Metal braces or ties shall be so arranged that 
when the forms are removed, no metal shall be within one (i) inch of the face of the finished work. 

(b) The face forms shall be securely fastened to the studding or uprights in horizontal lines. 

(c) Any irregularities in the forms which may mar the exix)sed surface of the concrete shall 
be removed or filled. 

15. Inspection. — Where necessary, temporary openings shall be provided at the base of the 
forms to facilitate cleaning and inspection directly before placing concrete. (See §23b.) 

16. Oiling. — The inside of the forms shall generally be coated with raw paraffin or other 
non-staining mineral oil; or thoroughly wet with water, except in freezing weather. (See §23b). 

17. Removal of Forms. — The forms shall not be removed until authorized by the Engineer. 

IV. Reinforcement. 

18. Placing Reinforcement. — Reinforcing steel shall be cleaned of all mill and rust scales 
before being placed in the forms. All reinforcement shall be placed in its proper position as 
required by the plans and securely wired or fastened in place, well in advance of the concreting, 
and shall be inspected and approved by the Engineer before any concrete is deposited. (See 23b.) 

19. Splicing Reinforcement. — Wherever it is necessary to splice the reinforcement otherwise 
than as shown on the plans, the character of the splice shall be decided by the Engineer on the 
basis of safe bond stress and the stress in the reinforcement at the point of splice. Splices shall 
not be made at points of maximum stress. 

V. Mixing. 

20. Machine Mixing. — (a) All concrete shall be mixed by machine (except when under 
special conditions the Engineer permits otherwise), in a batch mixer of an approved typ)e, equipped 
with suitable charging hopp>er, water storage and a water measuring device which can be locked. 

(b) The ingredients of the concrete shall be mixed to the required consistency and the mixing 
continued not less than one and one-half (ij) minutes after all the materials are in the mi.xer, 
and before any part of the batch is discharged. The mixer shall be completely emptied before 
receiving materials for the succeeding batch. The volume of the mi.\ed material used per batch 
shall not exceed the manufacturers* rated capacity of the drum. (See §11.) 

*4 
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21. Hand Mixing. — When it is permitted to mix by hand, the mixing shall be done on a 
watertight platform of sufficient size to accommodate men and materials for the progressive 
and rapid mixing of at least two batches of concrete at the same time. The batches shall not 
exceed one-half (i) cubic yard each. The materials shall be mixed dry until the mixture is of 
a uniform color, the required amount of water added, and the mixing continued until the batch 
is of a uniform consistency and character throughout. Hand mixing will not be permitted for 
concrete deposited under water. (See § ii.) 

22. Retempering. — The retempering of mortar or concrete which has partially hardened; 
that is, remixing with or without additional materials or water, will not be permitted. 

VI. Depositing. 

23. General. — (a) Before beginning a run of concrete, all hardened concrete or foreign 
materials shall be completely removed from the inner surfaces of all conveying equipment. 

(b) Before de[x>siting any concrete, all debris shall be removed from the space to be occupied 
by the concrete, all steel reinforcing shall be secured in its proper location, .all forms shall be 
thoroughly wetted except in freezing weather unless they have been previously oiled, and all 
form work and steel reinforcing shall be inspected and approved by the Engineer. (See § 15, 
16 and 18.) 

24. Handling. — Concrete shall be handled from the mixer to the place of final deposit as 
rapidly as possible, and by methods of transporting which shall prevent the sei>aration of the 
ingredients. The concrete shall be deposited directly into the forms as nearly as possible in its 
final position so as to avoid rehandling. The piling up of concrete material in the forms in such 
manner as to permit the escape of mortar from the coarse aggregate will not be permitted. Under 
no circumstances shall concrete that has partially set be deposited in the work. (See § 22.) 

25. Compacting. — During and after depositing, the concrete shall be compacted by means 
of a shovel or other suitable tool moved up and down continuously in the concrete until it has 
all settled into place and water has flushed to the surface. The concrete shall be thoroughly 
worked around all reinforcing material so as to completely surround and embed the same. 

26. Cold Weather. — During cold weather, the concrete at the time it is mixed and deposited 
in the work shall have a temperature not lower than fifty (50) degrees Fahrenheit, and suitable 
means shall be provided to maintain this temperature for at least seventy-two (72) hours thereafter, 
and until the concrete has thoroughly set. The methods of heating materials and protecting 
the concrete shall be approved by the Engineer. The use of any salt or chemical to prevent 
freezing will not be permitted. 

27. Depositing on or Against Set Concrete. — Before depositing new concrete on or against 
concrete which has set, the forms shall be retightened against the Face of the latter, the surface 
of the set concrete shall be roughened and thoroughly cleaned of foreign matter and laitance, 
and saturated with water. The new concrete placed in contact with set or partially set concrete 
shall contain an excess of mortar to insure bond. To insure this excess of mortar at the juncture 
of the set and newly deposited concrete on vertical or inclined surfaces, the cleaner! and drenched 
surface of the set concrete shall first be slushed with a coating of mortar, not less than one inch 
thick, composed of one (i) part cement to two (2) parts fine aggregate, against which the new 
concrete shall be deposited before this mortar has had time to attain its initial set. 

28. Rubble or Cyclopean Concrete. — After each layer of concrete is placed, and before it has 
taken its initial set, the stones are to be thoroughly bedded in the soft concrete. No stone shall 
be placed nearer than one (i) foot to any finished surface; nor nearer than six (6) inches to any 
adjacent stone. After the stones are in place another layer of concrete shall be placed sufficient 
to cover the stones to a depth of at least six (6) inches. 

When stratified stones are used, they shall be laid upon their natural bed. (See § 4, 9b.) 

VII. Depositing Concrete Under Water. 

29. General. — Concrete shall not be deposited in water without the written consent of the 
Engineer. A written statement of the methods and plans of equipment to be used shall be sub- 
mitted to and approved by the Engineer before the work is started. (See §9a, ii, 21.) 

30. Cofferdams. — Cofferdams shall be sufficiently tight to prevent any current through the 
space in which the concrete is to be deposited. Pumping will not be permitted while the concrete 
is being deposited, nor until it has fully set. 

31. Method. — ^The concrete shall be deposited by such method as will prevent the washing 
of the cement from the mixture. In no case shall the concrete be allowed to fall through the water. 

32. Tremie. — ^The tremie, where used, shall be about fourteen (14) or sixteen (16) inches 
in diameter, and made flanged and put together with gaskets. The initial filling of the tremie 
shall be done in such manner as not to permit the concrete to drop through the water. It shall 
be kept Elled at all times, and the discharge end raised a few inches at a time as the filling progresses. 
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The greatest care shall be used to prevent the charge bein^ lost in moving the tremie about on 
the surface of the deposited concrete. In case the charge is lost, the tremie must be withdrawn 
and refilled. 

33. Drop Bottom Bucket. — (a) The bucket, where used, shall be of such a type that it cannot 
be dumped until it rests on the surface upon which the concrete is to be depHDsited. The frame 
shall extend below the closed bottom doors so they may open freely downward and outward when 
tripped. The ends of the bucket shall extend without openings to the bottom of the frame. 
The top of the bucket shall be open. 

(b) The bucket shall be completely filled, and slowly lowered to avoid unnecessary back 
wash. When discharged the bucket shall be withdrawn slowly until clear of the concrete. 

34. Bagging. — ^The bags, when used, shall be of jute or other coarse cloth. They shall be 
about two-thirds filled with concrete, and shall be carefully placed by hand in a header and 
stretcher system so the whole mass is interlocked 

35. Continuous Operation. — Where possible, the concrete shall be deposited continuously • 
from the time the work is started until it is brought above water level or to the finished surface. 
The work shall be carried on with sufficient rapidity to insure bonding of the successive layers. 
The surface of the deposited concrete shall be kept as nearly level as possible. 

36. Laitance. — Great care shall be exercised to disturb the concrete as little as possible while 
it is being deposited, to avoid the formation of laitance. On completing a section of concrete, 
the laitance snail be entirely removed after the concrete has thoroughly set and before the work 
is resumed. 

VIII. Joints. 

37. General. — (a) Instructions given on the plans, in the detailed specifications or schedule 
governing the work as to location and construction of joints, shall be strictly followed. 

(b) When the structures or portions of the structures are designed to be monolithic, they 
shall be cast integrally, except as hereinafter modified. (See § 38a, b, c, d.) 

38. Construction Joints. — (a) When necessary to provide construction joints not indicated, 
or specified, such joints shall be located and formed so as to least impair the strength and appear- 
ance of the structure. Where conditions require, the joints shall be reinforced as directed by the 
Engineer, in order to secure the necessary bond strength. 

(b) Horizontal construction joints shall be prepared at the time the work is interrupted by 
thoroughly roughening the surface and providing keys by embedding stones w^hich project above 
the surface, or mortises by embedding timbers which shall be removed before the work of placing 
concrete is resumed. 

(c) At all horizontal or vertical construction joints, the surface of the previously deposited 
concrete shall always be roughened and cleaned of all laitance and foreign material before de- 
positing new concrete. (See § 27.) 

(d) Where girders, beams and slabs are designed to be monolithic with walls and columns, 
they shall not be cast until four (4) hours after the completion of the walls or columns in order 
to permit of shrinkage or settlement. In case the columns are structural steel, encased in concrete 
or concrete columns having flaring heads, the lapse of time to allow for shrinkage or settlement 
need not be observed. (See §37b.) 

39. Watertight Joints. — \Vhcn it is not possible to finish a complete section in one con- 
tinuous operation, and a watertight joint is required, sheet lead or other metal, not less than six 
inches wide, and extending the full length of the joint, shall be embedded equally in the two 
deposits of concrete. 

40. Sliding Joints. — Where sliding joints are to be provided, the seat shall be finished with 
a smooth trowel surface and shall not have the superimposed concrete pKaced uix)n it until the 
previously dcixisited concrete has thoroughly set. Unless otherwise indicated on the plans, or 
specified, two thicknesses of building paper shall be placed over the bearing before the super- 
imposed concrete is deposite<l, in order to make a defined sliding joint. 

41. Expansion Joints. — (a) At all expansion joints, the break in the bond between the two 
sections shall be complete, and shall be insured by the application of petroleum oil, hot coal tar 
pitch, tarred felt or similar material over the entire joint surface of the first deposited concrete. 

(b) No reinforcement shall extend across an expansion joint. 

(c) Triangular shaped grooves shall be formed in the exposed surface of the concrete at all 
expansion joints in walls or abutments. 

(d) Where expansion joints are formed between two distinct concrete members, and said 
joint is exposed, it shall be filled with an elastic joint filler of approved quality. 

IX. Surfacing and Finishing. 

42. General. — Except where a special surface or finish is required, the surfacing and finishing 
shall be done in accordance with the requirements specified fora “ Spaded Surface.** (See §433, 
b, c.) 
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43. S|Mided Surface. — (a) The coarse aggregate shall be carefully worked back from the 
forms into the mass of the concrete with spades, fine stone forks, bars or other suitable tools, 
so as to bring a surface of mortar against the form. Care shall be taken to remove all air pockets 
and to prevent voids in the surface. 

(b) Except where otherwise directed by the Engineer, face forms shall be removed as soon 
as the setting of the concrete will permit. (See §17.) 

(c) After the removal of the forms, any holes or voids in the surface of the concrete shall 
be filled with a mortar made of the same proportions of sand and cement as those of the concrete 
and rubbed smooth and even with the surface with a wooden float. A trowel shall not be used 
for this purpose. (See § 42.) 

44. Top Surfaces. — (a) Top surfaces shall generally be “ struck ” with a straight edge or 
“ floated ” after the coarse aggregates have been forced below the surface. 

(b) Where “ sidewalk finish ” is called for on the plans, it shall be made by the spreading 
of a I : 2 mortar at least three-quarters (J) inch thick, and floating this to a smooth surface. 
This finishing coat shall be put on before the concrete has taken its initial set. For a walk, the 
surface shall be slightly roughened with a special tool or by sweeping with a coarse broom. 

45. Wetting Surfaces. — The surfaces of concrete exposed to premature drying shall he kept 
thoroughly and constantly wetted for a period of at least three (3) days. For wearing surfaces, 
this period shall be at least ten (10) days. 

SPECIFICATIONS FOR BILLET-STEEL CONCRETE REINFORCEMENT BARS. 

Adopted 1920. 

1. Material Covered. — (a) These specifications cover two classes of billet-steel concrete 
reinforcement bars, namely: plain and deformed. 

(b) Plain and deformed bars are of three grades, namely: structural-steel, intermediate 
and hard. 

(c) Twisted bars will not be accepted under these specifications. 

2 . Basis of Purchase. — The structural-steel grade shall be used unless otherwise specified. 

(Specifications for manufacture and tests comply with the A. S. T. M. Specifications for 

Billet-Steel Reinforcement Bars, Chapter XV.) 

references. — P lain masonry and concrete abutments and piers, only, have been con- 
sidered in this chapter. The following books may be consulted for additional information. 

Baker’s “ Masonry Construction,” John Wiley & Sons, gives a full discussion of the design 
of masonry, plain and reinforced concrete abutments and piers, and the dilTercnt methods of 
constructing abutments and piers. 

Fowler’s ” Ordinary Foundations,” John Wiley & Sons, gives a full discussion of the design 
and construction of abutments and pi rs, with special attention given to the cofler dam process. 

Jacoby and Davis’ ” Foundations of Bridges and Buildings,” McGraw-Hill Book Co., gives 
a full discussion of the design and construction of abutments and piers. 

Bulletin 140 of the Am. Ry. Eng. Assoc, has an article on the Design of Railway Bridge Abut- 
ments by Mr. J. H. Prior, Asst. Engineer, C. M. & St. P. Ry. This artide describes in detail 
the standard plain and reinforced concrete abutments used by the C. M. & St. P. Ry. 

Williams’ ” Design of Masonry Structures and Foundations,” McGraw-Hill Book Co., 
gives a full discussion of the design and construction of masonry structures and foundations. 
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Timber Bridges and Trestles. 


Definitions. — The following definitions have been adopted by the American Railway Engi- 
neering Association. 

Wooden Trestle. — A wooden structure composed of upright members supporting simple 
horizontal members or beams, the whole forming a support for loads applied to the horizontal 
members. 

Frame Trestle. — A structure in which the upright members or supports are framed timbers. 

Pile Trestle. — A structure in which the upright members or supports are piles. 

Bent. — The group of members forming a single vertical support of a trestle, designated as 
pile bent where the principal members are piles, and as framed bent where of framed timbers. 

Post.— One of the vertical or battered members of the bent of a framed trestle. 

Pile. — (See definition under subject of Piles and Pile Driving.) 

Batter. — A deviation from the vertical in upright members of a bent. 

Cap. — A horizontal member upon the top of piles or posts, connecting them in the form of a 
bent. 

Sill. — A lower horizontal member of a framed bent. 

Sub-Sill. — A timber bedded in the ground to support a framed bent. 

Intermediate Sill. — A horizontal member in the plane of the bent between the cap and sill 
to which the posts are framed. 

Sway Brace. — A member bolted or spiked to the bent and extending diagonally across its 

face. 

Longitudinal Strut or Girt. — A stiff member running horizontally, or nearly so, from bent to 
bent. 

Longitudinal X-Brace. — A member extending diagonally from bent to bent in a vertical or 
battered plane. 

Sash Brace. — A horizontal member secured to the posts or piles of a bent. 

Stringer. — A longitudinal member extending from bent to bent and supporting the ties. 

Jack Stringer. — A stringer placed outside of the line of main stringers. 

Tie.— A transverse timber resting on the stringers and supporting the rails. 

Guard Rail. — A longitudinal member, usually a metal rail, secured on top of the ties inside 
of the track rail, to guide derailed car wheels. 

Guard' Timber. — A longitudinal timber framed over the tics outside of the track rail, to 
maintain the spacing of the ties. 

Packing Block. — A small member, usually wood, used to secure the parts of a composite 
member in their proper relative positions. 

Packing Spool or Separator. — A small casting used in connection with packing bolts to 
secure the several parts of a composite member in their proper relative positions. 

Drift Bolt. — A piece of round or square iron of specified length, with or without head or 
point, driven as a spike. 

Dowel.— An iron or wooden pin, extending into, but not through, two members of the struc- 
ture to connect them. 

Shim. — A small piece of wood or metal placed between two members of a structure to bring 
them to a desired relative position. 

Fish-Plate. — A short piece lapping a joint, secured to the side of two members, to connect 
them end to end. 

Bulkhead. — A wall of timber placed against the side of an end bent to retain the embankment. 

Structural Timber. 

Definitions. — The following definitions have been adopted by the American Railway Engi- 
neering Association. 

Timber. — A single stick of wood of regular cross-section. 

Cross-Section. — A section of a stick at right angles to the axis. 

True.j-Of uniform cross-section. Defects are caused by wavy or jagged sawing or consist 
of trapezoidal instead of rectangular cross-sections. 
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Axis. — ^The line connecting the centers of successive cross-sections of a stick. 

Straight. — Having a straight line for an axis. 

Out of Wind. — Having the lonritudinal surfaces plane. 

Full Length. — Long enough to ^‘square” up to the length specified in the order. 

Comer. — The line of intersection of the planes of two adjacent longitudinal surfaces. 

Girth. — The perimeter of a cross-section. 

Side. — Either of the two wider longitudinal surfaces of a stick. 

Edge. — Either of the two narrower longitudinal surfaces of a stick. 

Face. — The surface of a stick which is exposed to view in the finished structure. 

Sapwood. — A cylinder of wood next to the bark and of lighter color than the wood within. 
It may be of uneven thickness. 

Heartwood. — The older and central part of a log, usually darker in color than sapwood. 
It appears in strong contrast to the sapwood in some species, while in others it is but slightly 
different in color. 

Spring^ood. — The inner p)art of the annual ring formed in the earlier part of the season, 
not necessarily in the spring, and often containing vessels or pores. 

Summerwood. — The outer part of the annual ring formed later in the season, not necessarily 
in the summer, being usually dense in structure and without conspicuous pores. 

Decay. — Complete or partial disintegration of the cell walls, due to the growth of fungi. 

Sound. — Free from decay. 

Solid. — Without cavities; free from loose heart, wind shakes, bad checks, splits or breaks, 
loose slivers, and worm or insect holes. 

Wane. — A deficient corner due to curvature or to taper of the log. 

Square Cornered. — Free from wane. 

Knot. — The hard mass of wood formed in a trunk at a branch, with the grain distinct and 
separate from the grain of the trunk. 

Cross-Grain. — The gnarly mass of wood surrounding a knot, or grain injuriously out of 
parallel with the axis. 

Wind Shake. — A crack or fissure, or a series of them, caused during growth. 

Standard Defects of Structural Timber.* 

The standard defects included in the following list are mostly such as may be termed natural 
defects, as distinguished from defects of manufacture. The latter have usually been omitted, 
because the defects of manufacture are of minor significance in the grading of structural timber: 

Sound Knot. — A sound knot is one which is solid across its face and is as hard as the wood 
surrounding it. It may be either red or black, and is so fixed by growth or position that it will 
retain its place in the piece. 

Loose Slnot. — A loofse knot is one not firmly held in place by growth or position. 

Pith Knot. — A pith knot is a sound knot with a pith hole not more than J in. in diameter f 
in the center. 

Encased Knot. — An encased knot is one which is surrounded wholly or in part by bark or 
pitch. Where the encasement is less than i in. in width on each side, nor exceeding one-half the 
circumference of the knot, it shall be considered a sound knot. 

Rotten Knot. — A rotten knot is one not as hard as the wood surrounding it. 

Pin Knot. — A pin knot is a sound knot not over J in. in diameter. 

Standard Knot. — A standard knot is a sound knot not over i J in. in diameter. 

Large Knot. — A large knot is a sound knot, more than i J in. in diameter. 

Round Knot — A round knot is one which is oval or circular in form. 

Spike Knot — ^A spike knot is one sawn in a lengthwise direction. The mean or average 
diameter shall be taken as the size of these knots. 

Pitch Pockets. — Pitch pockets are openings between the grain of the wood, containing more 
or less pitch or bark. I'hese shall be classified as small, standard and large pitch pockets. 

Small Pitch Pocket. — (a). — A small pitch pocket is one not over i in. wide. 

Standard Pitch Pocket. — (b). — A standara pitch pocket is one not over } in. wide nor over 
3 in. in length. 

Large Pitch Pocket. — A large pitch pocket is one over f in. wide, or over 3 in. in length. 

Pitch Streak. — A pitch streak is a well-defined accumulation of pitch at one point in the 
piece,^ When not sufficient to develop a well-defined streak, or where the fiber between grains, 
that is, the coarse grained fiber, usually termed ** spring wood,” is not saturated with pitch, it 
shall not be considered a defect. 

^ * Adopted by Am. Ry. Eng. Assoc., Vol. 8, igoy. 

t Measurements which refer to the diameter of Knots or holes shall be considered as the mean 
or average diameter in all cases. 
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Shakes. — Shakes are splits or checks in timber which usually cause a separation of the 
wood between annual rings. 

Ring Shake. — An opening between annual rings. 

Through Shakes. — A shake which extends between two faces of a timber. 

Rot, Dote and Red Heart. — Any form of decay which may be evident either as a dark red 
discoloration not found in the sound wood, or by the presence of white or red rotten spots, shall be 
considered as a defect. 

Wane. — (See definition under the subject of Structural Timber.) 

Note. — See additional definitions of defects under Structural Timber. 

Piles and Pile Driving.* 

The following definitions and the principles of Pile Driving have been adopted by the Ameri- 
can Railway Engineering Association. 

Pile. — A member usually driven or jetted into the ground and deriving its support from the 
underlying strata, and by the friction of the ground on its surface. The usual functions of a 
pile are: (a) to carry a superimposed load; (b) to compact the surrounding ground; (c) to form a 
wall to exclude water and soft material, or to resist the lateral pressure of adjacent ground. 

Head of Pile. — The upper end of a pile. 

Foot of Pile. — The lower end of a pile. 

Butt of Pile. — The larger end of a pile. 

Tip of Pile. — The smaller end of a pile. 

Bearing Pile. — One used to carry a superimposed load. 

Screw Pile.— One having a broad-bladed screw attached to its foot to provide a larger bearing 
area. 

Disc Pile. — One having a disc attached to its foot to provide a larger bearing area. 

Batter Pile. — One driven at an inclination to resist forces which are not vertical. 

Sheet Pile. — Piles driven in close contact in order to provide a tight wall, to prevent leakage 
of water and soft materials, or driven to resist the lateral pressure of adjacent ground. 

Pile Driver. — A machine for driving piles. 

Hammer. — A weight used to deliver blows to a pile to secure its penetration. 

Drop Hammer. — One which is raised by means of a rope and then allowed to drop. 

Steam Hammer. — One which is automatically raised and dropped a comparatively short 
distance by the action of a steam cylinder and piston supported in a frame which follows the pile. 

Leads. — The upright parallel members of a pile driver which support the sheaves used to 
hoist the hammer and piles, and which guide the hammer in its movement. 

Cap. — A block used to protect the head of a pile and to hold it in the leads during driving. 

Ring. — A metal hoop used to bind the head of a pile during driving. 

Shoe. — A metal protection for the point or foot of a pile. 

Follower. — A member interposed between the hammer and a pile to transmit blows to the 
latter when below the foot of the leads. 

PH/E-DRIVING — Principles of Practice. — (i) A thorough exploration of the soil by borings, 
or preliminary test piles, is the most imjxntant prerequisite to the design and construction of 
pile foundations. 

(2) The cost of exploration is frequently less than that otherwise required merely to revise 
the plans of the structure involved, without considering ^ he unnecessary cost of the structures 
due to lack of information. 

(3) Where adequate exploration is omitted, it may result in the entire loss of the structure, 
or in greatly increased cost. 

(4) The profxjr diameter and length of pile, and the method of driving depend upon the result 
of the previous exploration and the purpose for which they are intended. 

(5) Where the soil consists wholly or chiefly of sand, the conditions are most favorable to 
the use of the water jet. 

(6) In harder soils containing gravel the use of the jet may be advantageous, provided 
sufficient volume and pressure be provided. 

(7) In clay it may be economical to bore several holes in the soil with the aid of the jet before 
driving the pile, thus securing the accurate location of the pile, and its lubrication while being 
driven. 

(8) In general, the water jet should not be attached to the pile, but handled separately. 

(9) Two jets will often succeed where one fails; in special cases a third jet extending a part 
of the depth aids materially in keeping loose the material around the pile. 

(10) Where the material is of such a porous character that the water from the jets may be 

• For an elaborate bibliography on Piles and Pile Driving” see Am. Ry. Eng. Assoc., Vol. 10. 
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dissipated and fail to come up in the immediate vicinity of the pile, the utility of the jet is uncer- 
tain, except for a part of the penetration. 

(11) A steam or drop hammer should be used in connection with the water jet, and used to 
test the final rate of penetration. 

(12) The use of the water jet is one of the most effective means of avoiding injury to piles 
by overdriving. 

(13) There is danger from overdriving when the hammer begins to bounce. Overdriving is 
also indicated by the bending, kicking or staggering of the pile. 

(14) The brooming of the head of a pile dissipates a part, and in some cases all, of the energy 
due to the fall of the hammer. 

(15) The weight or the drop of the hammer should be proportioned to the weight of the 
pile, as well as to the character of the soil to be penetrated. 

(16) The steam hammer is more effective than the drop hammer in securing the penetration 
of a pile without injury, because of the shorter interval between blows. 

(17) Where shock to surrounding material is apt to prove detrimental to the structure, the 
steam hammer should always be used instead of the drop hammer. This is especially true in the 
case of sheet piling which is intended to prevent the passage of water. In some cases also the 
jet should not be used. 

(18) In general, the resistance of piles, penetrating soft material, which depend solely upon 
skin friction, is materially increased after a period of rest. This period may be as short as fifteen 
minutes, and rarely exceeds twelve hours. 

(19) In tidal waters the resistance of a pile driven at low tide is increased at high tide on 
account of the extra compression of the soil. 

(20) Where a pile penetrates muck or a soft yielding material and bears upon a hard stratum 
at its foot, its strength should be determined as a column or beam; omitting the resistance, if any, 
due to skin friction. 

(21) Unless the record of previous experience at the same site is available, the approximate 
bearing power may be obtained by loading test piles. The results of loading test piles should 
be used with caution, unless their condition is fairly comparable with that of the piles in the 
proposed foundation. 

(22) In case the piles in a foundation are expected to act as columns the results of loading 
test piles should not be depended upon unless they are sufficient in number to insure their action 
in a similar manner, and they are stayed against lateral motion. 

(23) Before testing the penetration of a pile in soft material where its bearing power depends 
principally, or wholly, upon skin friction, the pile should be allowed to rest for 24 hours after 
driving. 

(24) Where the resistance of piles depends mainly upon skin friction it is possible to diminish 
the combined strength, or bearing capacity, of a group of piles by driving additional piles within 
the same area. 

(25) Where there is a hard stratum overlying softer material through which the piles are to 
pass to a firm bearing below, the upper stratum should be removed by dredging or otherwise, 
provided it would injure the piles to drive through the stratum. The material removed may be 
replaced if it is needed to provide lateral resistance. 

(26) Timber piles may be advantageously pointed, in some cases, to a 4-in. or 6-in. square 
at the end. 

(27) Piles should not be pointed when driven into soft material. 

(28) Shoes should be provided for piles when the driving is very hard, especially in riprap or 
shale, and should be so constructed as to form an integral part of the pile. 

(29) The use of a cap is advantageous in distributing the impact of the hammer more uni- 
formly over the head of the pile, as well as to hold it in position during driving. 

(30) The specification relating to the penetration of a pile should Iki adapted to the soil which 
the pile is to penetrate. 

(3^) It is far more important that a proper length of pile should be put in place without 
injury than that 'ts penetration should be a specified distance under a given blow, or scries of 
blows. 



SPECIFICATIONS FOR TIMBER PILES.* 

Railroad Heart Grade. 

1. This grade includes white, burr, and post oak, longleaf pine, Douglas fir, tamarack, Eastern 
white and red cedar, chestnut. Western cedar, redwood and cypress. 

2. Piles shall be cut from sound trees; shall be close grained and solid, free from defects, such 
as injurious rin^ shakes, large and unsound or loose knots, decay or other defects, which may 
materially impair their strength or durability. In Eastern red or white cedar a small amount of 
heart rot at the butt, which does not materially injure the strength of the pile, will be allowed. 

•3. Piles must be butt cut above the ground swell and have a uniform taper from butt to tip. 
Short bends will not be allowed. A line drawn from the center of the butt to the center of the 
tip shall lie within the body of the pile. 

4. Unless otherwise allowed, piles must be cut when sap is down. Piles must be peeled soon 
after cutting. All knots shall be trimmed close to the body of the pile. 

5. For round piles the minimum diameter at the tip shall be nine (9) in. for lengths not 
exceeding thirty (30) ft.; eight (8) in. for lengths over thirty (30) ft. but not exceeding fifty (50) 
ft., and seven (7) in. for lengths over fifty (50) ft. The minimum diameter at one-quarter of the 
length from the butt shall be twelve (12) in. and the maximum diameter at the butt twenty (20) in. 

6. For square piles the minimum width of any side of the tip shall be nine (9) in. for lengths 
not exceeding thirty (30) ft.; eight (8) in. for lengths over thirty (30) ft. but not exceeding fifty 
(50) ft., and seven (7) in. for lengths over fifty (50) ft. The minimum width of any side at one- 
quarter of the length from the butt shall be twelve (12) in. 

7. Square piles shall show at least eighty (80) per cent heart on each side at any cross-section 
of the stick, and all round piles shall show at least ten and one-half (loj) in. diameter of heart 
at the butt. 

Railroad Falsework Grade. 

8. This grade includes red and all other oaks not included in R. R. Heart grade, sycamore, 
sweet, black and tupelo gum, maple, elm, hickory, Norway pine, or any sound timber that will 
stand driving. 

9. The requirements for size of tip and butt, taper and lateral curvature are the same as for 
R. R. Heart grade. 

10. Unless otherwise specified piles need not be peeled. 

11. No limits are six^cified as to the diameter or proportion of heart. 

12. Piles which meet the requirements of R. R. Heart grade except the proportion of heart 
specified will be classed as R. R. Falsework grade. 

GUARD RAULS AND GUARD TIMBERS. — In 1912 the American Railway Engineering 
Association made an investigation of the use of guard rails and guard timbers for timber trestles 
and bridges and adopted the following report based on replies from 61 railroads. 

1. It is recommended as good practice to use gu«ard timbers on all open-floor bridges, and 
same shall be so constructed as to properly space the ties and hold them securely in their places. 

2. It is recommended as good practice to use guard rails to extend beyond the end of the 
bridges for such a distance as required by local conditions, but that this length in any case be not 
less than fifty feet; that guard rails be fully spiked to every tie and spliced at every' joint, the guard 
rail to be some form of metal guard rail. 

3. It is recommended that the guard timber and guard rail be so spaced in reference to the 
track rail that a derailed truck will strike the guard rail without striking the guard timber. 

4. The height of the guard rail to be not over one inch less in height than the running (track) 

rail. 

TIMBER TRESTLES. — The details of the design of timber trestles depends upon the loading* 
the details of the floor system, the available timber and upon the designer. The length of panels 
varies from 12 ft. to 16 ft., with 14 ft. as a fair average panel length. 

Pile Trestles. — The details of the standard pile trestle with open floor of the N. Y., N. H. & 
H. R. R. are given in Fig. i. The number and arrangement of the piles in the bents are shown. 
The bents are 12 ft. center to center. The stringers are 24 ft. long and are placed to span two 
panels and to break joints. The tops of the caps are covered wdth No. 20 flat galvanized iron to 
protect the trestle from fire. The details of washers, packing blocks, drift bolts, etc., are shown 
on the plans. 

* Adopted, Am. Ry. Eng. Assoc., V0I. 10, 1909. 
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Frame Trestles. — ^The details of the' standard frame trestle with open floor ot the N. Y., 
N. H. & H. R. R. are given in Fig. 2. The bents are spaced 12 ft. center to center. The floor 
system is the same as for pile trestles. The frame trestle may be supported on a pile foundation, 
upon timber sub-sills (mudsills) or on concrete pedestals. Timber sub-sills soon decay and 
should be used only for temporary trestles. Other data and details are shown on the plans. 

The plans of a standard frame trestle designed and built by the Illinois Central Railroad are 
given in Fig. 3. The bents are spaced 14 ft. centers, while the stringers are 28 ft. long and cover 
two panels. The details of the track and the guard rails are not shown. A complete bill of 
timber and iron for one bent and one panel of the floor are given in Fig. 3. The standard frame 
trestle may be carried on mudsills (sub-sills) as shown in Fig. 3, or on piles or concrete pedestals 
as shown in Fig. 2. 

Detail plans of a pile trestle with ballasted deck are given in Fig. 4. 

TIMBER HOWE TRUSSES. — Plans of a standard 150 ft. span Howe truss designed and 
erected by the C. M. & P. S. Ry. are shown in Fig. 5, Fig. 6, and Fig. 7. This bridge was designed 
for Cooper's E 55 Loading, with the allowable unit stresses as given in the American Railway 
Engineering Association Specifications for Timber Bridges and Trestles. The bill of lumber is 
given in Table I; the bill of castings and bolts is given in Table II; the bill of upset vertical rods 
is given in Table III, and the bill of lateral rods is given in Table IV. The following additional 
specifications were given on the plans. 

TABLE I. 


Bill of Timber for One 150 ft. Howe Truss Span. 


No. of 
Pcs. 

Size, In. 

Length, Ft.-In. 

Location. 

No. of 
Pcs. 

Size, In. 

Length, Ft.-In. 

Location. 

2 

10 X 14 

12-6 

Top Chord. 

8 

8 X 8 

28-3 1 

Diag. Posts. 

2 

(( (( 

18 - 3 J 


tt 

2 

12 X 14 

22-0 

Portal. 

2 

<( (( (( 

24-oJ 

44 

tt 

4 

6X12 

14-0 

44 

2 

<( <( (( 

29-Ioi 

44 

tt 

2 

8 X 10 

9-0 

Bott. Laterals. 

2 

H H (( 

35-7i 


tt 

2 

44 44 (4 

8-7 

44 4 

» 

2 

n n t< 

4I-S 

44 

tt 

2 

44 44 44 

18-0 

44 44 

12 

a n (< 

4^-3 

44 

tt 

2 

44 44 44 

17-9 

44 44 

2 

tt H <( 

47 - 2 i 

44 

tt 

4 

44 44 44 

8-8 

44 44 

2 

tt (t tt 

52-ui 


tt 

2 

8X8 

17-4 

44 44 

16 

4 X 14 

2-4J 


tt 

2 

44 44 44 

8-1 

44 44 

12 

tt tt tt 

2-8 


tt 

2 

44 44 44 

8-9 

44 44 

4 

tt tt tt 

s-ii 


tt 

4 

6X8 

17-0 

44 44 

132 

3 X 14 

I-O 



8 

44 44 44 

8-5 

44 44 

4 

10 X 18 

20-3 i 

Bott. Chord. 

4 

6X6 

8-5 

44 44 

4 

(( tt tt 

31-ioi 

tt 

tt 

2 

44 44 44 

I7-I 

44 44 

2 

tt tt tt 

43 - 4 i 

tt 

tt 

I 

44 44 44 

17-8 

<( (( 

2 

(( 44 44 

S 4 -ui 

tt 

tt 

2 

44 44 44 

8-9 

(( <( 

10 

44 44 44 

57 - 8 i 

tt 

44 

14 

44 44 44 

8-10 

Top Laterals. 

4 

44 44 44 

66 - 5 i 

tt 

44 

6 

44 44 44 

17-11 

4 

44 44 44 

83-3 

tt 

« 

4 

44 44 44 

9-2 

(( a 

8 

4 X 18 

2 - 4 i 

tt 

tt 

2 

44 44 44 

9-S 

a a 

8 

44 44 44 

2-8 

tt 

tt 

2 

44 44 44 

18-6 

a a 

16 

10 X 10 

7-0 

Corbels. 

2 

44 44 44 

9-3 

ii iC 

12 

12 X 16 

28 - 3 i 

Diag. Posts. 

2 

44 44 44 

18-3 

a a 

8 

14 X 16 

44 44 

44 

tt 

I 

44 44 44 

19-1 

a <i 

8 

14 X 14 

44 44 

tt 

tt 

56 

12 X 22 

22-0 

Floorbeams. 

8 

12 X 14 

44 44 

tt 

tt 

4 

8 X 12 

23-2! 

Stringers. 

8 

12 X 12 

28-51 

tt 

tt 

42 

44 44 44 

tr-si 

“ 

2 

10 X 12 

44 44 

1 

tt 

tt 

4 

44 44 44 

Ii- 7 i 

44 

8 

10 X xo 

44 44 1 

tt 

tt 

4 

44 44 44 

« 7 -Si 

44 

8 

8 X 10 

44 44 

tt 

tt 

*34 

8 X 10 

lo-o 

Ties. 

4 

8 X 10 

28 - 4 * 

tt 

tt 

21 

6X8 

16-0 

Guard Rail. 

4 

8X8 

44 44 

tt 

tt 

21 

4X8 

16-0 

44 44 


Lengths given for Top and Bottom Laterals are longer than finished lengths. 
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TABLE 11. 

Bill of Castings, Bolts, etc. for One 150 ft. Howe Truss Span. 


No. of 
Pcs. 

Description. 

Mark. 

4 

Angle Blocks 

it it 

B3189 

20 

B3190 

4 

a a 

B3191 

16 


B3192 

2 

it a 

B3202 

12 

Lateral Angle Blocks 

(( a it 

B3193 

4 

B3193A 

12 

H H it 

B3194 

12 

n a it 

B139S 

8 

n a it 

B3196 

30 

Clamp Blocks 

(( a 

B3090 

6 

B3090A 

IS 

ti it 

B3091R 

3 

a it 

B3091RA 

15 

it it 

B3091L 

3 

it it 

B3091LA 

4 

Washers for Lateral Rods. . . . 

B 3199 

72 

a it ti it 

B3197 

72 

it ti a it 

B3198 

64 

a a it it 

B3I98A 

4 

U. G. Washers for 2i in. Bolts 


4 

“ “ “ li “ “ 


4 

it ti it J ti it 


4 

it it << u u 


4 

(( (( it J (( <( 


4 



8 

‘‘ » » ll - - 


16 

“ - » Ij - - 


48 

ti it it J it ti 


322 

ti it it ^ ti it 


246 

it a a J « a 


48 

Slot Washers for i in. Bolts. . 


322 

“ “ “ i “ “ . . 


410 

it it « 1 i< ti 


4 

6 in. X 4 in. X i in. X 38 ft.- 



5} in. Guard Angles 

Gi 

4 

6 in. X 4 in. X i in. X 



39 ft.-7j in. Guard Angles. 

G2 

424 

Packing Washers 

B3251 

36 

(( (( 

Pi 

152 

ti it 

P 

416 

it a 

P2 

36 

Clamps 

C3 

36 

Wedges 

W 

16 

Bearing Plates 

BP 

32 

Bearing Channels 

a a 

BCi 

16 

BC2 

4 

Angle Blocks 

B3190A 

6 

Dowels J in. X 0 ft.-ii in. 


steel 



Description. Mark. 

18 Dowels } in. X o ft.-9 in 

176 Dowels J in. X o ft.-3 in 

27s Spikes 9 in. X i in 

225 “ 8 in. X i in 

27s “ lA in. X i in 

1 15 Drift Bolts J in. X i ft. 8 in 

24 Bolts I in. X I ft.-iii in. 

Sq. H & N 2J in. thd 

24 Bolts 1 in. X I ft.“7i in. 

Sq. H & N 2i in. thd 

56 Bolts J in. X 5 ft.-6i in. 

Sq. H & N 25 in. thd 

32 Bolts i in. X 4 ft.-4| in. 

Sq. H & N 2J in. thd 

8 Bolts J in. X 4 ft.-J in. 

Sq. H & N 2J in. thd 

142 Bolts J in. X 3 ft.-8j in. 

Sq. H & N 2i in. thd 

24 Bolts J in. X 3 ft.-9i in. 

Sq. H & N 2i in. thd 

60 Bolts J in. X 3 ft.-4 in. 

Sq. H & N 2} in. thd 

16 Bolts i in. X I ft.-9J in. 

Sq. H & N 2J in. thd 

56 Bolts J in. X 2 ft.-3J in. 

Sq. H & N 2i in. thd 

72 Bolts J in. X 2 ft.-3J in. 

Sq. H & N 2i in. thd 

2 Bolts } in. X 2 ft. - 4 i in. 

Sq. H & N 2§ in. thd 

4 Bolts J in. X 2 ft.-6J in. 

Sq. H & N 2^ in. thd 

8 Bolts f in. X 2 ft.-ioj in. 

Sq. H & N 2i in. thd 

8 Bolts } in. X 3 ft.-2i in. 

Sq. H & N 2i in. thd 

48 Bolts J in. X 3 ft.-5i in. 

Sq. H & N 2J in. thd 

8 Bolts J in. X 4 ft.~ij in. 

Sq. H & N 2J in. thd 

8 Bolts J in. X 4 ft.-3i in. 

Sq. H & N 2i in. thd 

16 Bolts } in. X 4 ft.-4J in. 

Sq. H & N 2J in. thd 

64 Bolts J in. X I ft.-3J in. 

Sq. H & N 2J in. thd 

64 Recess Washers 

100 Special Bolts f in. X i ft B3195A 

4 Lateral Angle Blocks B3192A 

2 Angle Blocks 
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“Outer 6 in. X 8 in. Guard Rails are notched for ties, spiked to each tie with one 9 in. X | in. 
spikes. Elach tie to be spiked to stringers with i in. X 14 in. spikes. Stringers drift-bolted to 
floorbeams with J in. X 18 in. drift bolts. All i in., J in. and i in. bolts to be provided with one 

O. G. and one slot washer. All contacts of wood and wood to be painted with white lead. Corbels 
to be creosoted. All holes bored in chord sticks to be creosotcd. Inner 4 in. X 8 in. Guard 
Rails bolted at center and ends of each piece, spiked to each tie not bolted, with one 8 in. X i in. 
spike and spliced. The 6 in. X 4 in. X i in. guard rail is bolted at ends and at intervals of not 
over 3 ties with 1 in. special bolts. Leave i in. opening Ixjtween ends of Guard Rail angles.*’ 
The detail plans of a timber Howe truss railway bridge with an 80 ft. span are given in Fig. 8 
and Fig. 9. This bridge was designed for Cooper’s E 55 loading for the allowable stresses given 
in the specifications of the American Railway Engineering Association. The details and a bill 
of materials are given on the plans. 


TABLE III. TABLE IV. 

Bill of Upset Vertical Rods for One 150 ft. Bill of Lateral Rods for One 150 
Howe Truss Span. ft. Howe Truss Span. 


No. of Pcs. 

Length, Ft.-In. 

Section 

“A” 

Diara., In, 

Diameter of Upsets. 

No. of Pcs. 

Length, 

Ft.-In. 

Diameter of 
Rod “A, ” 
In. 

Length of 
Tiiread 
"T,” In. 

U. S. Std.. 
In. 

Ry. Eng. 

& M. of 
W.. In. 

12 

30 -Ioi 

2 I 

3 f 

3 i 


22-9i 

2i 

5, 

12 

30-10 

2^ 

3 i 

3 

2 

23-4! 

2i 

4 i 

12 

30- 8 

2i 

3 i 

3 

2 

23-4 

li 

44 

16 

30- 9i 

2i 


2i 

2 

24-5 

li 

4 i 

12 

30- 7 i 

2i 

2i 

2i 

2 

24-4’ 

If 

4 i 

40 

30- 6J 


2I 

2I 

2 

24-4} 

4 

4 i 






2 










24 3 4 

4 

Diameter of Upset “U” based on number of threads per 

2 

23-21 

li 

4 

inch. 





2 

23-1} 

4 

4 

1 Length of upsets “M” 

to be in accord with shop stand- 

4 

23- '1 


4 

1 ards. 





4 

22-si 


4 


HIGHWAY TIMBER TRESTLES AND BRIDGES.— Details of a highway crossing of 
the Illinois Central Railroad are given in Fig. 10 and Fig. ii. 

A combination timber and iron bridge is shown in Fig. 12; while a short span timber highway 
bridge is given in Fig. 13. 

A timber truss bridge designed in 1920 by the Iowa Highway Commission is shown in 
Fig. 14. 

For additional details of timber highway bridges, see the author’s “ The Design of Highway 
Bridges of Steel, Timber and Concrete.” 

SPECIFICATIONS FOR WORKMANSHIP FOR PILE AND FRAME TRESTLES TO 
BE BUILT UNDER CONTRACT. ♦ 

I. Site. — The trestle to be built under these specifications is located on the line of 

Railroad at County of State of 


2. General Description. — The work to be done under these specifications covers the driving, 

framing and erection of a track wooden trestle about ft. long and 

an average of ft. high. 

General Clauses. 

3. The contractor shall furnish all necessary labor, tools, machinery, supplies, temporary 
staging and outfit required. He shall build the complete trestle ready for the track raib, in a 
workmanlike manner, in strict accordance with the plans and the true intent of these specifica- 
tions, to the satisfaction and acceptance of the engineer of the railroad company. 

4. The workmanship shall be of the best quality in each class of work. Details, fastenings 
and connections shall be of the best method of construction in general use on first class work. 

* Adopted by American Railway Engineering Association. 
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5. Holes shall be bored for all bolts. The depth of the hole and the diameter of the auger 
to be specified by the engineer. 

6. Framing shall be accurately fitted; no blocking or shimming will be allowed in making 
joints. Timbers shall be cut off with the saw; no axe to be used. 

7. Joints and points of bearing, for which no fastening is shown on the plans, shall be fastened 
as specified by the engineer. 
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Highway Crossing. Illinois Central Railroad. 


8. The engineer or his authorized agents shall have full power to cause any inferior work 
to be condemned, and taken down or altered, at the expense of the contractor. Any material 
destroyed by the contractor on account of inferior workmanship or carelessness of his men is to 
be replaced by the contractor at his own expense. 
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9. Figures shown on the plans shall govern in preference to scale measurements; if anv 
discrepancies should arise or irregularities be discovered in the plans, the contractor shall call 
on the engineer for instructions. These specifications and the plans are intended to co-operate, 
and if any question arises as to the proper interpretation of the plans or specifications, it shall be 
referred to the engineer for a ruling. 






Detail of^Jornf * 



Detail of Hanger^ 

Ca5i Iron - 2- Req^d, 



Detail of^Joint "A * 









' 4 -' 








Hole3forp6lag5crm^^^ 

Bent Plate I2iflh0 "long. 
2’Refcf, 


Bevel Waiher-Casf Iron. 
12’ Req'd. 



Upset each end of pd to I'diameter. 
Lenjth of upset dl Thread &!! 


Fig. II. Details of Highway Crossing. Illinois Central Railroad. 


10. The contractor shall, when required by the engineer furnish a satisfactory watchman to 
guard the work. 

11. On the completion of the work, all refuse material and rubbish that may have accumu- 
lated on top or under and near the trestle, by reason of its construction, shall be removed by the 
contractor. 
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cast or malleable washers under all heads and nuts. A 
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Timber Trestle Bridges 
Variable Span le'-O" R oadway 

low a Highway Commission 


Fig. 13. Timber Trestle Bridge. Iowa Highway Commission. 

Detail Specifications. 

12. Piles. — Piles shall be carefully selected to suit the place and ground where they are to 
be driven. When required by the engineer, pile butts shall be bancicd with iron or steel for 
driving, and the tips with suitable iron or steel shoes; such shoes will be furnished by the railroad 
company. 

13. — Piles shall be driven to a firm bearing, satisfactory to the engineer, or until five blows 
of a hammer weighing 3,000 lb., falling 15 feet (or a hammer and fall producing the same mechan- 
ical effect), are required to cause an average penetration of one-half (i) in. per blow, except in 
soft bottom, where special instructions will be given. 

lA. — Batter piles shall be driven to the inclination shown by the plans, and shall require but 
slight bending before framing. 

15. — Butts of all piles in a bent shall be sawed off to one plane and trimmed so as not to 
leave any horizontal projection outside of the cap. 

16. — Piles injured in driving, or driven out of place, shall either be pulled out or cut off, 
and replaced by new piles. 

Caps. — Caps shall be sized over the piles or posts to a uniform thickness and even bearing 
on piles or posts. The side with most sap shall be placed downward. 

18. Po8t8.-j-Posts shall be sawed to proper len^h for their position (vertical or batter), and 
to an even bearing on cap and sill. 

19. Sills. — Sills shall be sized at the bearing of posts to one plane. 

20. Sway Braces. — Sway bracing shall be properly framed and securely fastened to piles or 
posts. When necessary for pile bents, filling pieces shall be used between the braces and the 
piles on account of the variation in size of piles, and securely fastened and faced to obtain a 
bearing against all piles. 

21. Don^tudinid Braces. — Longitudinal X-braces shall be properly framed and securely 
fastened to piles or posts. 




TIMBER TRUSS BRIDGE, 


3 ' 



Fig. 14. Timber Truss Bridge. Iowa Highway Commission. 















378 


TIMBER BRIDGES AND TRESTLES. 


Chap. VII. 


22. Oirts. — Girts shall be properly framed and securely fastened to caps, sub-sills, posts or 
piles, as the plans may require. 

23. Stringers. — Stringers shall be sized to a uniform height at supports. The edges with 
most sap shall be placed downward. 

24. Jack Stringers. — Jack stringers, if required on the plans, shall be neatly framed on 
caps, andf their tops shall be in the same plane as the track stringers. 

25. Ties. — ^Ties shall be framed to a uniform thickness over bearings, and shall be placed 
with the rough side upward. They shall be spaced regularly, cut to even length and line, as 
called for on the plans. 

26; Guard Rails. — Timber guard rails shall be framed as called for on the plans, laid to line 
and to a uniform top surface. They shall be firmly fastened to the ties as required. 

27. Bulkheads. — Bulkheads shall be of sufficient dimensions to keep the embankment clear 
of the caps, stringers and ties, at the end bents of the trestle. There shall be a space not less 
than two (2) in. between the back of end bent and the face of the bulkhead. The projecting 
ends of the bulkhead shall be sawed off to conform to the slope of the embankment, unless other- 
wise specified. 

28. Time of Completion. — The work shall be completed in all its parts on or before 

A. D. 19. . . . 

29. Payments. — Payments will be made under the usual regulations of the railroad company. 

Specifications for Metal Details Used in Wooden Bridges and Trestles. 

30. Wrought-iron. — Wrought-iron shall be double- rolled, tough, fibrous and uniform in 
character. It shall be thoroughly welded in rolling and be free from surface defects. When 
tested in specimens of standard form shall give an ultimate strength of at least 50,000 lb. per so. 
in., an elongation of 18 per cent in 8 in., with fracture wholly fibrous. Specimens shall bend cold, 
with the fiber, through 135 degrees, without sign of fracture, around a pin the diameter 4pf which 
is not over twice the thickness of the piece tested. When nicked and bent, the fracture shall show 
at least 90 p>er cent fibrous. 

31. Steel. — Steel shall be made by the open-hearth process and shall be of uniform quality 
It shall contain not more than 0.05 p>er cent sulphur; if made by the acid process it shall contain 
not more than 0.06 per cent phosphorus, and if made by the basic process not more than 0.04 
per cent phosphorus. When tested in specimens of standard form, or full sized pieces of the 
same length, it shall have a desired ultimate tensile strength of 60,000 lb. per s(j. in. If the 
ultimate strength varies more than 4,000 lb. from that desired, a retest shall be made on the 
same gage, which to be acceptable, shall be within 5,000 lb. of the desired ultimate. It shall 

have a minimum percentage of elongation in 8 in. of — r and shall bend cold with- 

^ ult. tens, strength 

out fracture 180 degrees flat. The fracture for tensile tests shall be silky. 

32 *. Castings. — Except where chilled iron is specified, castings shall be made of tough gray 
iron, with sulphur not over 0,10 per cent. They shall be true to pattern, out of wind and free 
from flaws and excessive shrinkage. If tests are demanded, they shall be made on the “Arbi- 
tration Bar” of the American Society for Testing Materials, which is a round bar i } in. in diameter 
and 15 in. long. The transverse test shall be made on a supported length of 12 in., with load at 
middle. The minimum breaking load so applied shall be 2,900 lb., with a deflection of at least 
^ in. before rupture. 

33. Bolts. — Bolts shall be of wrought-iron or steel, made with square heads, standard size, the 
length of thread to be 2J times the diameter of bolt. The nuts shall be made stjuaro, standard size, 
with thread fitting closely the thread of bolt. Threads shall be cut according to U. S. standards. 

34. Drift Bolts. — -Drift bolts shall be of wrought-iron or steel, with or without square head, 
pointed or without point, as may be called for on the plans. 

35. Spikes. — Spikes shall be of wrought-iron or steel, square or round, as called for on the 
plans; steel wire spikes, when u^d for spiking planking, shall not be used in lengths more than 
6 in.; if greater lengths are required, wrought or steel spikes shall be used. 

36. Packing Spools or Separators. — Packing spools or separators shall be of cast-iron, made 
to size and shape called for on plans; the diameter of the hole shall be i in. larger than diameter 
of packing bolts. 

. 37 * Washers. — Cast washers shall be of cast-iron. The diameter shall l>e not less than 

3J times the diameter of bolt for which it is used, and its thickness equal to the diameter of bolt; 
the diameter of hole shall be J in. larger than the diameter of the bolt. 

38. Wrought Washers. — Wrought washers shall be of wrought-iron or steel, the diameter 
shall be not less than 3J times the diameter of bolt for which it is used, and not less than J in 
thick. The hole shall be J in. larger than the diameter of the bolt. 

39. Special Castings. — ^Special castings shall be made true to pattern, without wind, free from 
flaws and excessive shrinkage, size and shape to be as called for by the plans. 
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Working Unit-Stresses for Structural Timber Expressed in Pounds per Square 

Inch.* 

Note . — The working unit-stresses given in Table V are intended for railroad bridges and 
trestles. For highway bridges and trestles the unit-stresses may be increased twenty-five (25) 
per cent. For buildings and similar structures, in which the timber is protected from the weather 
and practically free from impact, the unit stresses may be increased fifty (50) per cent. To 
compute the deflection of a beam under long-continued loading instead of that when the load is 
first applied, only fifty per cent of the corresponding modulus of elasticity given in the table is 
to be employed. 

TABLE V. 

Unit Stresses for Structural Timber Expressed in Pounds per Square Inch. 

American Railway Engineering Association. 



Bending. 

Shearing. 

Compression. 

'o.d 
^ a 

.22 

Kind of Timber. 

Extreme 

Fiber 

Stress. 

Modulus 

of 

Elasticity. 

Parallel ! 
to Grain. 

Longitudi- 
nal Shear 
in Beams. 

Perpen- 
dicular I 
toGrain.j 

Parallel to i ^ 
Grain. ; 2 ! 

Formulas for Safe 
Stress in Long 
Columns over 15 
Diams. 

Average 

Ultimate. 

Safe 

Stress. 

Average. 

Average 

Ultimate. 

Safe 

Stress. 

Average 

Ultimate. 

Safe 

Stress. 

Elastic 

Limit. 

Safe 

Stress. 

Average 

Ultimate. 

Safe 

Stress. 

For Col’s u 
Diam., Saf 

•s| 

Douglas fir 

6100 

1200 

1,510,000 

690 

■70 

270 

no 

630 

110' 2600 

1200 

900 

I20of I— “ 

10 





V 6 od ) 

Longleaf pine . . . 

6500 

1300 

1,610,000 

720 

180 

300 

120 

52c 

260 3800 

1300 

0 

00 

O' 


10 

Shortleaf pine. . . 

5600 

1 100 

§ 

0 

00 

710 

170 

330 

130 

0 

'70 

3400 

I ICO 

0 

00 

"°°0-6b) 

10 

White pine 

4400 

900 

1,130,000 

400 

100 

180 

70 

290 

130 

3000 

1000 

750 

looof 1—7 — , 1 

10 


V 6 od ) 

Sprier#* 

4800 

1000 

1,310,000 

600 

150 

170 

70 

370 

180 

3200 

1 100 

830 

( i \ 







Norway pine. . . , 

4200 

800 

1,190,000 

590 * 

130 

250 

100 


.50 

26oot 

800 

600 



Tamarack 

4600 

900 

1,220,000 

670 

170 

260 

100 


220 

3200t 

1000 

0 

10 

lOOof 1 — -Z — i) 





V 6o<f/ 


Western hemlock 

5800 

1100 

1,480,000 

630 

160 

27 ot 

100 

440 220 

3500 

1200 

900 



Redwood 

5000 

900 

800,000 

300 

80 



400 

.50 

3300 

900 

680 







Bald cypress. . . . 

4800 

900 

1,150,000 

500 

120 



340 

170 

3900 

I 100 

830 

( ^ \ 





V ( lod ) 


Red cedar 

4200 

800 

860,000 





470 

236 

2800 

000680 

( 1 \ 









eod ) 


White oak 

5700 

1100 

1,150,000 

00 

0 

210 

270 

no 

1 

020 ACO 

3500 

I 

I 200 q8o 


12 

i 


1 





NoU . — These unit stresses are for a green condition of timber and are to be used without in- 
creasing the live load stresses for impact. 

REFERENCES. — For additional details and information the following references may be 
consulted ; 

Foster’s “ A Treatise on Wooden Trestle Bridges,” John Wiley & Sons, gives data and 
details of the design of timber trestles. 

Jacoby’s “ Structural Details ; Design of Heavy Framing,” John Wiley & Sons, gives data 
and details of the design of timber trestles and timber structures, and is the best book on tim- 
ber construction. Every engineer interested in the design of timber structures should have a 
copy of Jacoby’s “ Structural Details.”^ 

* Adopted, Am. Ry. Ena. Assoc., Vol. 10, 1909. 

t Partially air-dry. / * length in inches. d least side in inches. 





CHAPTER VIII. 

Steel Bins. 


Stresses in Bin Walls. — The problem of the calculation of pressures on bin walls is similar 
to the problem of the calculation of pressures on retaining walls; but in the case of bin walls the 
material is limited in extent and the condition of static equilibrium is disturbed by drawing the 
material from the bottom of the bin. For plane bin walls where the plane of rupture cuts the 
free surface of the material (shallow bins), the formulas developed for retaining walls are directly 
applicable if friction on the wall is considered. The graphic solution will be found the simplest 
and most direct for any particular case. The following analyses of the calculations of stresses in 
bins have been abstracted from the author's “The Design of Walls, Bins and Grain Elevators,” 
third edition, 1918. 

STRESSES IN SHALLOW BINS. — The problem of the calculation of the pressures on 
bin walls is the same as the problem of the calculation of pressures on retaining walls. The forces 
acting on bin walls depend upon the weight, angle of repose, moisture, etc., of the material, which 
are variable factors, but are less variable than for the filling of retaining walls. 

Algebraic Solution. — The same nomenclature will be used as in retaining walls except that P' 
will be used to indicate the pressure obtained by means of Cain’s formulas when z — <t>\ N' w'ill 
indicate the normal component of P\ and N will indicate the normal pressure on the wall when 
<t>' = o. This analysis applies to shallow bins, only.^ 

Case J. Vertical Wall, Surface Level. .Angle 2 = Fig. i. 


p> - \wh* ■ 

(t» 

AT' = P'-cos 

(*) 



nt 1 I * COS <t> 

P' ^ 

(i + sin </>\ 2)* 

N' = P' ♦ COS 0 

(3) 

(4) 


B 

"<ir 


tt 

' It. 

h 


N 




'' ^ 




Fig. I. 

If oi o, which corresponds to a smooth wall, 

- iwA*-tan* (45® - 4>l2) 

* A shallow bin is one where the plane of rupture cuts the free surface of the filling. 
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(5) 
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TABLE I. 

Constants for Steel Plate Bins, Case i. 


1 Material. 

Degrees. 

Degrees. 

IV 

Lb. Per 
Cu. Ft. 

P' 

Lb. 

Lb. 

N 

Lb. 

Bituminous coal 

35 

18 

SO 

6. 1 3 A* 

5.834* 

msiiii 

Anthracite coal 

27 

16 

52 

S, 73 h* 

8.39A* 


Sand 

34 

18 

90 

11.50A* 

10.93 A* 


Ashes 

40 

31 

40 

4.02A* 

3 - 444 * 



Case 2. Vertical Wall, Surface Surcharged at Angle 5. Angle z « 4>\ Fig. 2. 

cos* 4> 


JwA*- 


cos 


(■+V- 


sin i<t> -h <i>') sin (<t> — 


If 


cos ^'-cos 6 

- P'-cos 
S ^ <t> 

P' = 

cos 

N* = P'-cos<^' = iw‘h^‘Cos* 

= o 

N = i^£^A*•cos* 


«)■ 


( 6 ) 

( 7 ) 

( 8 ) 

( 9 ) 

( 10 ) 



Fig. 2 . 


TABLE 11. 


Constants for Steel Plate Bins, Case 2. i — <tt. 


Material. 

0 

Degrees. 

Degrees, 

W 

Lb. Per 
Cu. Ft. 

P' 

Lb. 

N' 

Lb. 

AT 

Lb. 

Bituminous coal 

35 

18 

SO 

17.65 A* 

16.754* 

i 6 . 7 sA* 

Anthracite coal 

27 

16 

52 

2 1.45 A* 

20.50A* 

20.5oA* 

Sand 

34 

18 

90 

32.S0A* 

30.904* 

30.90A* 

Ashes 

40 

31 

40 

I3.7oA* 

11.734* 

11.734* 


Case J. Vertical Wall, Surcharge Negative * 5. Angle 2 * Fig. 3 . 


P' = 


cos* 0 


. L 1 Jain (</> + <»') sin (♦ + «) V 
V * + V co. «'-bo. S / 


JV' - P'-co. ♦' 


(n) 

(la) 
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If 




N - 


o 

cos^ 4t 


{‘-4 


^s in <f> sin + 6 ) V 
cos i f 


(13) 


B 



TABLE III. 

Constants for Steel Plate Bins, Case 3. 5 = — 


Material. 

Degrees. 

Degrees. 

W 

Lb. Per 
Cu. Ft. 

P' 

Lb. 

iV' 

Lb. 

Lb. 

Bituminous coal 

35 

18 

SO 

4 - 49 ** 

4.27** 

S-I 3 *’ 

Anthracite coal 

27 

16 

5 ^ 

6.64** 

6.38A‘ 

7.64A* 

Sand 

34 

18 

90 

8 - 44 ** 

8.c»A* 

9.6iA» 


40 

31 

40 

j.8sA« 

2 . 45 A‘ 

3. 23 A* 


Cast 4. Wall Sloping Outward. 0 < 90® + Surface Level. Fig. 4. 

P' = si n* (0 - 4>) 

I sin (<t> -f 0 ') sin 
sin (4>' 4 - 0) sin 0/ 

N' = P'-cos<^ 


sin {<t>' 4- 0 ) sin* ^ V 


B 



(14) 

(15) 


Fig. 4. 

Case 5. Wall Sloping Outward. 0 < 90® 4 * Surface Surcharged, Fig. 5. 


P' - }w A* 


sin* {0 — 0) 


.in (*' + *) 8in« 0 ( . + Jj»L g + 

NT Sin 4- sm — «)/ 

- p' cos 


(16) 


( 17 ) 
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WaU Sloping Outward. $ > 90® + Surface Level. Fig. 6. 
P » JwA*«tan* (45® — <tl2) 



Fig. 5. 


W = weight = \w-t 2 LnB-h^ 

E = 


\w ' A* V tan^ Q -h tan^ (45® — ^(i) 
tan B 


tan (0 z — 90°) = 


tan* (45° - <p/2^ 


Q ~ F-cos z 


T = F-sin s 



Fig. 6 . 


(18) 

(19) 


For a wall sloping outwards, and sloping surface the use of formulas is cumbersome and the 
calculations can be more easily made by graphic methods as explaincfl on succeeding pages. 

Tables of Pressure on Vertical Bin Walls. — The normal pressure on vertical bin walls as 
calculated by the preceding formulas for bituminous coal, anthracite coal, sand, and ashes are 
given in Table IV, Table V, Table VI, and Table VII, respectively. In the tables column i gives 
the normal pressure for a smooth vertical wall and horizontal surcharge, while column 4 gives 
the normal pressure on a rough wall with an angle of friction = 0'. Column 2 givx's the normal 
pressure for a smooth vertical wall and a surcharge = 0, while column 5 gives the normal pressure 
on a rough wall with an angle of friction ~ 0'. Column 3 gives the normal pressure for a smooth 
vertical wall and a negative surcharge = — 0, while column 6 gives the normal pressure on a 
rough wall with an angle of friction « 0'. It will be seen that the pressures in columns 2 and 5 
are identical. For a vertical wall with 3 = 0, the normal pressures as given by Rankine^s and 
Cain’s formulas are identical. 

These tables have been taken from the author’s ’‘The Design of Walls, Bins and Grain 
Elevators.” The tables of pressures and the formulas were first published in a modified form 
by Mr. R. W. Dull, in Engineering News. 
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The total pressures arc given for a wall one foot long in all cases. 

Note. — These tables apply to shallow bins only (bins where the plane of rupture cuts the 
free surface of the filling). For the calculation of the stresses in deep bins (bins where the plane 
of rupture cuts the side of the bin) see Chapter IX, Steel Grain Elevators. 


TABLE IV. 

Total Pressure in Pounds for Depth “h” for Bituminous Coal. 
Wall One Foot Long. 


w =50 lb., 4> 


Depth, h, 
in Feet. 

Smooth Wall, 0' = 

0. 

I 

2 

3 

h 

i-JT 

h ^ , 

i.J: 

i-jr 


</)' = 0 

5 = 

6 = - 4 > 

1 

6.75 

16.75 

583 

2 

27 

67 

20.5 

3 

60.75 

150-75 

46.2 

4 

108 

268 

82 

5 

168.75 

418.7s 

128 

6 

243 

603 

184.5 

7 

333 

821 

257 

8 

432 

1,072 

328 

9 

547 

1,357 

415 

10 

675 

1,67s 

513 

II 

817 

2,027 

615 

12 

972 

2,412 

738 

13 

1,141 

2,851 

866 

H 

1,323 

3,283 

1,005 

15 

1,519 

3,769 

1,152 

16 

1,728 

4,288 

1,311 

17 

1,951 

4,841 

1,480 

18 

2,187 

5,427 

1,660 

19 

2,437 

6,047 

ir, 

CO 

20 

2,700 

6,700 

2,052 

21 

2,977 

7.387 

2,262 

1 22 

3,267 

8,102 

2.483 

23 

3,571 

8,861 

2.560 

24 

3,888 

9,648 

2,810 

25 

4,219 

10,4^ 

3,206 

26 

4,563 

11,323 

3.468 

27 

4,923 

12,211 

3,740 

28 

5,292 

13,142 

4,022 

29 

5,677 

14,087 

4,314 

30 

6 ,o7 «; 

15,075 

4.617 


Rough Wall, Angle of Friction - 0' « 18®. 


<t>' = 18® 
5.83 
23.32 
52-47 
93-4 
145-7 


b = 4 > 

16.75 

67 

150.75 

268 

418.7s 




5 = - 4^ 

4-27 

17.1 

38.4 

68.3 

107 
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TABLE V. 

Total Pressure in Pounds for Depth "h” for Anthracite Coal. 
Wall One Foot Long. 


w = 52 lb., < t > = 27“. 
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TABLE VI. 

Total Pressure in Pounds for Depth “h" for Sand. 
Wall One Foot Long. 

w = go lb., 0 = 34®. 


Depth, h, 
in Feet. 


Smooth Wall, 0' * 

0. 

Rough Wall, Angle of Friction 

1 

1 

00 

^0 

I 

2 

3 

4 

s __1 

6 

'f 

h 


T" 

h 


ip 


X 





= 0 

5 = 

1 

= < t > 1 

5 = — </> 

= 18° 

6 = 

= 0 


I 


12.72 


30.9 

9.61 

10.93 


30.9 

8 

2 


50.8 

123.6 

38.4 

437 

123.6 

32 

3 

I' 4 S 

278 

86.40 

98.5 

278 

72 

4 

203.7 

494 

113.8 

175 

494 

128 

5 

318 

772 

240 

273 

772 

200 

6 

458 

1,113 

346 

394 

1,113 

' 288 

7 

624 

1,51s 

471 

535 

1,51s 

i 392 

8 

81S 

1,980 

615 

700 

1,980 

' 512 

9 

1,030 

2,500 

778 

885 

2,500 

648 

10 

1,272 

3,090 

961 

1,093 

3,090 

800 

II 

1,540 

3,740 

i 1,162 

1,345 

3,740 

968 

12 

1.835 

4,450 

1,383 

1,575 

4,450 

1,152 

13 

2,130 

5,230 

1,624 

1,848 

5,230 

1,352 

H 

2,495 

6,060 

1,880 

2,160 

6,060 

1,568 

IS 

2,862 

6,960 

2,160 

2,460 

6,960 

1,800 

i6 

3,256 

7,910 

2,460 

2,798 

7,910 

2,048 

17 

3.676 

8,930 

2,777 

3,159 

8,930 

2,312 

i8 

4,121 

10,012 

3,114 

3,541 

10,012 

2,592 

19 

4,592 

".155 

3.469 

3,946 

11,155 

2,888 

20 

5,088 

12,360 

3,844 

4,372 

12,360 

3,200 

21 

5,610 

13.627 

4,238 

4,820 

13,627 

3.528 

22 

6,156 

14.956 

4,65 « 

5,290 

14,956 

3,872 

23 

6.729 

16,346 

5.084 

5,782 

16,346 

4.232 

H 

7.327 

17.798 

5,535 

6,296 

17.798 

4,6^ 

^5 

7,950 

19,313 

6,006 

6,831 

19,3 »3 

5,000 

26 

8.599 

20,889 

6.496 

7,389 

20,889 

5,408 

27 

9.273 

22,526 

7,006 

7,968 

22,526 

5,832 

28 

9.972 

24,225 

7,534 

8,569 

24,225 

6,272 

29 

10,698 

25,987 

8,082 

9,192 

25,987 

6,728 

30 

11,448 

27,810 

8,649 

9,837 

27,810 

7,200 
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TABLE VII. 


Total Pressure in Pounds for Depth “h’* for Ashes. 
Wall One Foot Long. 

tt; = 40 lb., 4 > = 40°. 




STRESSES IN SHALLOW BINS. 


389 


STRESSES IN SHALLOW BINS, Graphic Solution. — The graphic solution will be given 
for two cases which frequently occur in practice. 

Graphic Solution. Hopper Bin, Level Full.* — The calculation of stresses in bins by means 
of graphics will be illustrated by the following problem taken from “The Design of Walls, Bins 
and Grain Elevators.” A cross-section of the bin shown in Fig. 7 is filled with coal weighing 58 
lb. per cu. ft., and having an angle of repose </» = 30°. The total pressure on the plane A-H is 


Pi = 


1 — sin 0 
I + sin 


3.130 lb- 


acting horizontally through a point 12 ft. below the top surface. Now, to find the pressure Pt 
on the plane G-A, produce Pi until it intersects the line O2 = the weight of triangle AHG = 10,44c 



lb. at O, and by constructing O-i = Pj = 10,860 lb. Pj is parallel to E in Fig. 7. The normal 
pressure on A-g is 9,900 lb. Now A-i = 9,900 lb. acts through the center of gravity of triangle 
/IG4, and is equal to the area of .-1(74 X The normal unit pressure at A is 733 lb. per sq. ft., 
and the normal unit pressure at P is 320 lb. jx'r sq. ft. The normal pressure on /I P acts through 
the center of gravity of the shaded area, and is N = 7,850 lb. Also by construction E = 8,600 lb. 
The pressure on bottom A-F is equal to 18 X 58 = 1,044 lb. per sq. ft. The pressure on the 
wall C-B is 


Pi = itc-A* 


1 — sin <t> 
I -f sin 4> 


= 620 lb. 


Calculation of Stresses in Framework. — The loads on the bin walls are carried by a transverse 
framework as shown in Fig. 8, spaced 17 ft. o in. center to center. The loads at the joints act 
parallel to the pres.sures as previously calculated, and the loads can be calculated in the same 
manner as for a simple beam loaded with a similar loading. The stresses are calculated by graphic 
resolution and by algebraic moments as shown in Fig. 8 and Fig. 9. 

Hopper Bin, Top Surface Heaped. — The bin in Fig. 10 is heaped at the angle of repose, 
^ " 30®. To calculate the pressure on side A-B, proceed as follows: Locate points G and H, 

* The calculations arc made for a section of the bin one foot long. 
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and calculate the horizontal pressure P\ =» 7,680 lb., acting on the plane H-K at above H, 
Pressure Pi was calculated by the graphic method. Produce Pi until it intersects at 0 the line 
of action of the weight of the triangle GHK acting through the center of gravity of the triangle. 
From 0 lay off O-i = IF =» 19,900 lb., acting downwards, and from i lay off 1-2 >■ Pi ■■ 7,680 
lb., acting to the left. Then O-2 * Pi * 21,300 lb. Now Pa = area triangle 6'GH»w, and 



Fig. 10. 

E = area 8 '-B-i 4 - 5 '*«; = 1 1,340 lb. Force E acts through the center of gravity of area 8~B-i4~5. 
The horizontal pressure on plane C~B = 1,400 lb. = area s'e'n^'W. The vertical pressure on 
the left-hand side of the bottom A-F is 7,480 lb., acting through the center of gravity of the 
pressure polygon. The vertical unit pressure at A is 1,412 lb. per sq. ft. 

STRESSES IN SUSPENSION BUNKERS. — The suspension bunker shown in (a) Fig. ii, 
carries a load which varies from zero at the support to a maximum at the center. If the bunker 
is level full the loading from the supports to the center varies nearly as the ordinates to a straight 
line, while if the bunker is surcharged the straight line assumption for loading is more nearly 
correct. 

We will, therefore, assume that the loading of the bunker in (a) is represented by the tri- 
angular loading varying from p ** zero at each support to a maximum of /> = P at the center. 
Let I = one-half the span in feet; 

5 « the sag in feet; 

H ■« the horizontal component of the stress in the plate in lb, per lineal foot of bin; 
w >■ weight of bin filling in lb« per cu. ft. ; 
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T = maximum tension in plate in lb. per lineal foot of bin; 
V = reaction of the bunker in lb. per lineal foot of bin; 

C = capacity of bunker in cu. ft. per lineal foot of bin; 

B = origin of coordinates. 



Fig. II. 


A. 


Now if the right-hand half of the bunker be cut away as in (6) and moments be taken about 
the moment will be 


M = HS 


( 20 ) 


If the bunker be assumed as an equilibrium polygon drawn by using a force polygon, the bending 
moment at the center is equal to the pole distance multiplied by the intercept .9. Therefore II 
must be equal to the pole distance of the force polygon. 

The following equations are deduced in the author’s “The Design of Walls, Bins and Grain 
Elevators.” 

Equation of the curve of the bunker 

y = i)T( 3 *’-j) (21) 

Capacity of bunker level full 

C = J/.5 ( 22 ) 


In calculating P for any given bunker, since P is the maximum pressure for a triangular 
loading 


for a bunker level full 

P = 

also 

C-wl 

3S 


(23) 

(24) 

(25) 


H 
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y - iC w 

— iS-l-vi, for a bin level full (26) 

^ 

The length of the curve of a suspension bunker is given in Table VIII. 


TABLE VIII. 

Length of One-Half Curve, L. 


Sag ratio - S/l. 

Length, L. 

Sag ratio =» SjL 

Length, L. 

i 

1.06378/ 

I 

1.45722/ 


1.13686/ 

1 

1.61131/ 

1 

1.22992/ 


1.719^/ 


1.28307/ 

1 } 

1.85815/ 

i 

1.36651/ 




The curve may be constructed graphically as follows: In (r) Fig. ii it is required to pass 
the curve through the points A and B. The loads i, 2, 3, 4, etc., are laid ofT in the force p>olygon 
(d), and a pole 0 is taken. The equilibrium polygon A-B' is then constructed in (r). Now we 
know from graphic statics that if tw’O poles be taken for the force p<jlygon in (d), and corresponding 
equilibrium polygons be drawn through A, the strings meeting on the same load wiM intersect on a 
line through A parallel* to the line 0 - 0 '. Now D is determined by the intersection of rays D-B^ 
and D-B. The true curve is then easily constructed and pole 0 ' is located. 

If the bunker is surcharged by vertical walls as shown in (e) the curve is extended until it 
meets the slojx? of the material, and the span and sag are to be used as shown. 

Deep Bins. — For the calculation of the stresses in deep bins, see the calculation of the stresses 
in grain bins. Chapter IX. 

For methods of calculating the stresses in hopper bins with the top surface surcharged, and 
the calculation of the stresses in bin bottoms and circular girders, see the author’s “The Design 
of Walls, Bins and Grain Elevators.’’ 

Angle of Repose. — The angle of repose and the weights of different materials are given in 
Table IX. 

DATA. — For angles of internal friction, see Tabic IX, and for angles of friction on bin walls, 
see Table X. 


TABLE IX. 


Weight and Angle of Repose of Coal, Coke, Ashes and Ore. 


Material. 

Weight Lb. 
per Cu. Ft. 

.Angle of Repose 
in Degrees. 

Authority. 

Bituminous coal 

50 

35 

Link Belt Machinerv^ Co. 

Bituminous coal 

47 

35 

Link Belt Engineering Co. 

Bituminous coal 

47 10 56 


Cambria Steel. 

Anthracite coal 

52 

27 

Link Belt Machinery Co. 

Anthracite coal 

52.1 

27 

Link Belt Engineering Co. 

Anthracite coal fine 


27 

K. A. Muellenhoff. 

Anthracite coal 

52 to 56 


Cambria Steel. 

Slaked coal 


45 

Wcllman-Scaver-Morgan Co. 

Slaked coal i 

S 3 

37J 

Gilbert and Barth. 

Coke 

23 to 32 


Cambria Steel. 

Ashes 

40 

40 

Link Belt Machinery Co. 

Ashes, soft coal 

40 to 45 


Cambria Steel. 

Ore, soft iron 


35 

Wellman-Seaver-Nforgan Co. 
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Coal, ore, etc., will give an angle of ^ » 40* if the material is dry, but if the material is wet 
the angle of repose may be increased to nearly 90®. 

Angle of Friction on Bin Walls. — The values in Table X may be used in the absence of more 
accurate data. 

TABLE X. 

Angle of Friction of Different Materials on Bin Walls. 


Material. 

Steel Plate. 

4' in Degrees. 

Wood Cribbed. 

4 > in Degrees. 

Concrete. 

4' in Degrees. 

Bituminous coal 

18 

35 

35 

Anthracite coal 

16 

25 

27 

Ashes 

31 

40 

40 

Coke 

25 

40 

40 

Sand 

18 

30 

30 



Self-deaning Hoppers. — In order to have hoppers self-cleaning when the material is moist 
it is necessary to have the hopper bottoms slope at an angle considerably in excess of the angle ot 
repose ^ or angle of friction 




DESIGN OP BINS. 


395 


Ore pockets on the Great Lakes are made witti hopper bottoms at an angle of 48® 40' to 
50® 45', but the majority are at an angle of 49® 45'. Bituminous coal will slide down a steel 
chute at an angle of 40® and a wooden chute at an angle of 45®. Anthracite coal will slide down a 
steel chute at an angle of 30® and down a wooden chute at an angle of 35®. 



Fig. 13. Elevation Circular Steel Ore Bin for Old Dominion Copper Mining Co. 

DESIGN OF BINS. — Bins are usually subjected to sudden loads and vibrations and should 
be designed for two-thirds the allowable unit stresses for dead loads given in SS 33 to 41, inclusive, 
in “Specifications for Steel Frame Buildings,” Chapter I. 

Bins are made of timber, of structural steel, or of concrete, or the different materials may 
be used in combination. 

FLAT PLATES. — The analysis of the stresses in flat plates supported or fixed at their edges 
is extremely difficult. The following formulas by Grashof may be used: The coefficient of lateral 
contraction is taken as J. For a full discussion of these formulas based on Grashof ’s “Theorie 
Der Elasticitat und Festigkeit” see Lanza’s Applied Mechanics. 

I. CirciOar plate of radius r and thickness f, supported around its perimeter and loaded with w 
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per square inch . — Let / = maximum fiber stress, v = maximum deflection, and E 
elasticity, 

/ « HI 

” 128 I* 

_> i§2 

® “ 256 E-fi 



Fig. 14. Details for Circular Bins for Old Dominion Copper Mining Co 


» modulus of 

(28) 

(29) 


2. Circular plate built in or fixed at the perimeter. 

f « 45 
^ 64 

« _ 15. Hir! 

256 £•/* 


(30) 

(30 


3. Rectangular plate of length a breadth b, and thickness t, built in or fixed at the edges and 
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carrying a uniform load w per square inch . — Let fa be the unit stress parallel to a, fb be the unit 

stress parallel to 6, and a > b. 

^ b*-w-a^ ^ _ a*-wb^ 

/• “ _1_ M\« » ~~ 


For a square plate a ^ b. 


2 (a* + b*)l^ ’ 2 (a* + b*)fl 

a*-b*'W 

^ ~ (a* + b*)i2K-t* 
wa^ 


/ = 


4/2 


64^-^ 


(32) 

(33) 

(34) 

(35) 


The strength of plates simply supported on the edges is about | the strength of plates fixed. 
Plates riveted or bolted around the edges may be considered as fixed. 

For a diagram giving the safe loads on flat plates, see the author’s “ The Design of Walls, 
Bins and Grain Elevators,” also see Part If. 

Buckle Plates. — Buckle plates arc made by “dishing” flat plates as in Table 59, Part II. 
The width of the buckle W, or length L, varies from 2 ft. 6 in. to 5 ft. 6 in. The buckles may be 
turned with the greater dimension in either direction of the plate. Several buckles may tn* put 


;r 

- 1 - 


Pttchi-^ 

d‘C?l3heef-- 




l"6rsnolithic 
Concrete 
mre 


^ Cresi 5e<fion ofy 
• doff. Choral^ 

tT 




-6alv. Corr.^teel 

Bunker Plate’" 

d'eni^ 

'‘S''h.toh 

“<^/k CornCteef *22 

■e"£d* 

~6afv.Corr.5teel *20 

Detail showing methoa of fastening 
Concrete lining to Bunker plate 


LaclnqL l{ ■?/«/{ / [ ji^ 

PLIdij^lO-^ 




Expanded Meta! or 
Similar Metat 


'-eirtsLli’l’i 


Cross Section of Banker House 
On line *A~A*' 

Note:- Stresses giren in thousands of peunis 


Fig. 15. Coal Bunkers, Rapid Transit Subway, New York, N. Y. 


in one plate, all of which must lx? the same size and symmetrically placed. Buckle plates are 
made J in., A in., | in. and A in. in thickness. Buckle plates should be firmly bolted or riveted 
around the edges with a maximum spacing of 6 in., and should be supjwted transversely between 
the buckles. The process of buckling distorts the plate and an extra width should be ordered and 
the plate should be trimmed after the process is complete. 
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Strength of Buckle Plates . — The safe load for a buckle plate with buckles placed up, is approxi- 
mately given by the formula 




(36) 


where W »* total safe uniform load in lb.; 

/ « safe unit stress in lb. per sq. in.j 
R « depth of buckle in in.; 
t = thickness of plate in in. 

Where buckle plates are riveted and the buckle placed down the safe load is from 3 to 4 times 
that given above. 

TYPES OF BINS. — The most common types are (i) the suspension bunker, (2) the hopper 
bin, and (3) the circular bin. 

Suspension Bunkers. — Suspension bunkers are made by suspending a steel framework from 
two side members, the weight of the filling causing the sides to assume the curv'c of an equilibrium 
polygon. The stresses in the plates of a true suspension bunker are pure tensile stresses. Steel 
suspension bunkers are commonly lined with a concrete lining about i J to 3i ih. thick, reinforced 
with wire fabric, to protect the metal of the bin. 



Fig. 16. Coal Bunkers, Rapid Transit Subway, New York, N. Y. 

Hopper Bins. — Hopper bins may be made of timber, steel, or reinforced concrete. A steel 
coke and stone bin, erected by the Lackawanna Steel Company, is shown in Fig. 12. These bins 
were divided into panels 12 ft. 6 in. center to center, with double partitions at each panel point, 
leaving a clear length of 1 1 ft. 6 in. The bins are lined throughout with } in. plates. All rivets 
in the floor are countersunk. The gates at the bottom of the bin are cylindrical and are revolved 
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by a system of shafting and gears. There is an opening in the side of the drum, and when the 
drum is revolved this opening comes opposite the opening in the bottom of the bin and the drum 
is filled. The drum is then revolved and the material is dumped into the larries. 

Circular Bins. — Circular bins are made of both steel and reinforced concrete. A circular 
ore bin with a hemispherical bottom is shown in Fig. 13 and Fig. 14. 

EXAMPLES OF BINS. Steel Coal Bin for Rapid Transit Subway. — A cross-section of a 
i,ooo-ton suspension bunker built by the Rapid Transit Subway, New York City, is shown in 
Fig. 15 and Fig. 16. The bunker is supported on posts and is covered by corrugated steel. The 
bin is lined with a layer of concrete 3J in. thick, reinforced with expanded metal. The details of 
construction are plainly shown in the cuts. 







400 


STEEL BINS. 


Chap. VIII. 


Ore Bint for Cananet Consolidated Copper Company. — Detail drawings of a hopper ore 
bin built by the Cananea Consolidated Copper Company are shown in Fig. 17. The ore is coarse 
and heavy and is dumped from cars on the top of the bins. The ore is drawn off through gates 
on the bottom and is carried away on a conveyor. The side plates are J in. thick and are stiffened 
with channels spaced about 4 ft. apart. The hopper plates are } in. thick and are stiffened with 
10 in. channels. 



CncIVktif Crv55 Section at Center 

Fig. 18, Steel Coal Bins at Coketon, W. Va. 

Steel Coal Bins for Davis Coal and Coke Co. — The steel coal bin shown in Fig. 18 was designed 
by the American Bridge Company for the Davis Coal and Coke Co. for the coke ovens at Coketon, 
W. Va. The framework is made of structural steel and is covered with corrugated steel. The 
bin is lined with 3 in. oak plank spiked to timber spiking pieces which arc bolted to the steel 
beams. The bin is carried on plate girders each having a web plate 96 in. X | in., and top and 
bottom flanges of two angles 6" X 6" X A''. The bin is filled by a belt conveyor passing over 
the top of the bin, as shown in Fig. 18. The coal is drawn from the bins through gates into cars 
and is hauled to the coke ovens. The capacity of the bin is 300 tons. 

References. — For the design of reinforced concrete bins, and for additional data and examples, 
see the author’s "The Design of Walls, Bins and Grain Elevators." 



CHAPTER IX. 

Steel Grain Elevators. 


Introduction. — Grain elevators, or “silos,’* as they are called in Europe, may be divided into 
two classes according to the arrangement of the bins and elevating machinery: (a) elevators 
which arc self contained, with all the storage bins in the main elevator or working house; and 
(b) elevators having a working house containing the elevating machinery, while the storage is in 
bins connected with the working house by conveyors. The working house is usually rectangular 
in shape, with square or circular bins; while the independent storage bins are usually circular. 

With reference to the materials of which they are constructed, elevators may be divided 
into (i) timber; (2) steel; (3) concrete; (4) tile, and (5) brick. Steel grain elevators, only, will 
be considered in this chapter. For a complete treatise on the design of grain elevators, see the 
author’s “The Design of Walls, Bins and Grain Elevators.” 

STRESSES IN GRAIN BINS. — The problem of calculating the pressure of grain on bin 
walls is somewhat similar to the problem of the retaining wall, but is not so simple. The theory 
of Rankinc will apply in the case of shallow bins with smooth walls where the plane of rupture 
cuts the grain surface, but will not apply to deep bins or bins with rough walls. (It should be 
remembered that Rankine assumes a granular mass of unlimited extent.) 

Stresses in Deep Bins. — Where the plane of rupture cuts the sides of the bin the solution for 
shallow bins docs not apply. 

Nomenclature . — The following nomenclature will be used: 

4 > = angle of repose of the filling; 

= the angle of friction of the filling on the bin walls; 

/i = tan == coefficient of friction of filling on filling; 

/i' = tan 0' = coefficient of friction of filling on the bin walls; 

X = angle of rupture; 
w == weight of filling in lb. per cu. ft.; 

V = vertical pressure of the filling in lb. per sq. ft.; 

L = lateral pressure of the filling in lb. per sq. ft.; 

A = area of bin in sq. ft.; 

U = circumference of bin in ft.; 

R — AjU = hydraulic radius of bin. 

Janssen’s Solution. — The bin in (a) Fig. i, has a uniform area A, a constant circumference 
and is filled with a granular material weighing w per unit of volume, and having an angle of rep>ose 
</>. Let V Ixj the vertical pressure, and L be the lateral pressure at any p>oint, both V and L 
being assumed as constant for all points on the horizontal plane. (More correctly V and L will 
be constant on the surface of a dome as in (6).) 

The weight of the granular material between the sections of y and y dy => A •w-dy; the 
total frictional force acting upwards at the circumference will be * L* U • tan <t>* -dy; the total 
perpendicular pressure on the upper surface will be = V^A; and the total pressure on the lower 
surface will be » (F dV) A. 

Now these vertical pressures are in equilibrium, and 


and 


V-A - (F-f dF)/! + A w^dy - U tan^^-dy - o 


( 1 ) 


27 


401 



402 


STEEL GRAIN ELEVATORS. 


Chap. IX. 


Now in a granular mass, the lateral pressure at any point is equal to the vertical pressure 
times kf a constant for the particular granular material, and 

L^k-V 


Also let AjU =* R (the hydraulic radius), and tan — m'* 
Substituting the above in (i) we have 

Now let 



Fig. I. 


Integrating (3) we have 

log (w — n* F) « ~ n y -f C 

Now if y * o, then F * o, and C log w, and (4) reduces to’ 

'w - ffF> 


and 




w 

w -- ffV 
w 


i 


e^9 


where e is the base of the Naperian system of logarithms. Solving for F we have 


n 


Substituting the value of n from (2), we have 

F 




Now if A be taken as the depth of the granular material at any point we will have 


V - (I - 


(a) 

(3) 


(4) 


(5) 

( 6 ) 

( 7 ) 


Also since 
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L-ik-F 

L - (I 




Now if w is taken in lb. pej* cu. ft., and R in ft., the pressure will be given in lb. per sq. ft. 
For deep bins with a depth of more than two and one-half diameters the last term of the 
right hand member of ( 8 ) may be omitted, and 

L' » (approx.) (9) 


Now both m' and k can only be determined by experiment on the |>articular grain and kind of 
bin. For wheat and a wooden bin, Janssen found m' = and k = 0.67, making =» 0.20. 

Jamieson found by experiment that for wheat k = 0.6, and he found values in Table I for /i' 
with wheat weighing 50 lb. per cu. ft. and having 4> = 28®, m - 0.532: 

TABLE I. 

Coefficients of Friction tx' for Wheat on Bin Walls. 

Jamieson. 

Wheat Weighing 50 lb. per cu. ft., and Angle of Repose = 28 Degrees. 


MateriaU. 

Coefficient of Friction. 

Wheat on wheat 

Wheat on steel trough plate bin 

Wheat on steel flat plate, riveted and tic bars 

Wheat on steel cylinders, riveted 

Wheat on cement-concrete, smooth to rough 

Wheat on tile or brick, smooth to rough 

Wheat on cribbed wooden bin 

0.532 

0.468 

0.375 to 0.400 

0.365 to 0.37s 

0.400 to 0.425 

0.400 to 0.425 

0.420 to 0.450 


Pleisner obtained the values of fi' as given in Table 11 , and of k as given in Table 111 . 

TABLE II. 

Coefficients of Friction of Grain Bin Walls. Pleisner. 


Coefficient of Friction * tan 


Cribbed bin 

Ringed cribbed bin 

Smsul plank bin . 

Large plank bin 

Reinforced oncrete bin . 



TABLE III. 

Values of k ^ L/V for Wheat and Other Grains in Different Bins. Pleisner. 











404 


STEEL GRAIN ELEVATORS. 


Chap. IX. 


TABLE IV. 

Hyperbolic or Naperian Logarithms. 


N. 

Log. 

N. 


N. 

Log. 

1. 00 

0.0000 

3.65 


6.60 

1.8871 

1. 05 

0.0488 

3.70 


6.70 

I.902I 

l.IO 

0.0953 

3*75 


6.80 

1.9169 

1. 15 

0.1398 

3.80 

I- 33 SO 

6.90 

1-9315 

1.20 

0.1823 

3.85 

1.3481 

7.00 

1-9459 

I. 2 S 

0.2231 

3.90 

1.3610 

7.20 

1. 974 1 

1.30 

0.2624 

3 -95 

1-3737 

7.40 

2.0015 

1-35 

0.3001 

4.00 

1.3863 

7.60 

2.0281 

1.40 

0-3365 

4.05 

1.3987 

7.80 

2.0541 

I -45 

0.3716 

4.10 

1.4110 

8.00 

2.0794 

1.50 

0.4055 

415 

1.423 1 

8.25 

2.1 102 

i-SS 

0.4383 

4.20 

1 - 43 SI 

8.50 

2. 1401 

1.60 

0.4700 

4-25 

1.4469 

8.75 

2.I^^I 

1.65 

0.5008 

4.30 

1.4586 

9.00 

2.1972 

1.70 

0.5306 

4 - 3 S 

1. 4701 

9.25 

2.2246 

I- 7 S 

0.5596 

4.40 

1.4816 

9.50 

2.2513 

1.80 

0.5878 

4-45 

1.4929 

9-75 

2.2773 

1.8s 

0.6152 

4.50 

1-5041 

10.00 

2.3026 

1.90 

0.6419 

4 SS 

1.5151 

1 1. 00 

2-3979 

1-95 

0.6678 

4.60 

1.5261 

12.00 

2.4849 

2.00 

0.6931 

4.65 

1.3369 

13.00 

2.5649 

2.05 

0.7178 

470 

1.3476 

14.00 

2.6391 

2.10 

0.7419 

475 

1,5581 

15.00 

2.7081 

2.IS 

0.7655 

4.80 

1.3686 

16.00 

2.7726 

2.20 

0.7885 

4.85 

1.5790 

17.00 

2.8332 

2.25 

0.8109 

4.90 

1.5892 

18.00 

2.8904 

2.30 

0.8329 

4-95 

I-S 994 

19.00 

2.9444 

2 - 3 S 

0.8544 

5.00 

1.6094 

20.00 

2.9957 

2.40 

0.8755 

5.05 

1.6194 

21.00 

3 0445 

2.4s 

0.8961 

5. 10 

1.6292 

22.00 

3.0910 

2.50 

0.9163 

515 

1.6390 

23.00 

3-1355 

2.5s 

0.9361 

5.20 

1.6487 

24.00 

3.1781 

2.60 

0 . 9 SSS 

5-25 

1.6582 

25.00 

3.2189 

2.65 

0.9746 

5-30 

1.6677 

26.00 

3.2581 

2.70 

0.9933 

5-35 

1.6771 

27.00 

3.2958 

2-75 

1.0116 

5.40 

1.6864 

28.00 

3.3322 

2.80 

1.0296 

S- 4 S 

1.6956 

29.00 

3.3673 

2.8s 

1.0473 

550 

1.7047 

30.00 

3.4012 

2.90 

1.0647 

5-55 

1.7138 

31.00 

3.4340 

2.9s 

1.0818 

5 .fe 

! 1.7228 

32.00 

3-4657 

3.00 

1.0986 

5.65 

1-7317 

33.00 

3.4965 

3.05 

I. 1154 

570 

1.7405 

34.00 

3-5264 

3.10 

I 1314 

575 

1.7492 

3500 

3-5553 

3. IS 

11474 

5.80 

1-7579 i 

40.00 

3.6889 

3.20 

1.1632 

5.85 

1.7664 ! 

45.00 

3.8066 

3.25 

1.1787 

5-90 

1.7750 

50.00 

3.9120 

3.30 

1.1939 

595 

1.7834 

60.00 

40943 

3-35 

1.2090 

6.00 

1.7918 

70.00 

4.2485 

3.40 

1.2238 

6. 0 

1.8083 

80.00 

4.3820 

3 *45 

1.2384 

6.20 

1.8245 

f^O.OO 

4.4998 

3.50 

1.2528 

6.30 

1.8405 

100.00 

4.6052 

3.55 

1.2669 

6.40 

1.8563 



3.60 

1.2809 

6.50 

1.8718 




It will be seen in (8) that the maximum lateral pressure in a bin which must be used in the 
design of deep bins, is independent of k, and that therefore an exact determination of k is not very 
important. In calculating the values of V and L in (7) and (8), it is necessary to use a table of 
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natural or hyperbolic logarithms. A brief table of hyperbolic logarithms is given in Table IV. 
To find the hyperbolic logarithm of any number, using a table of Brigg’s or common logarithms, 
use the relation: The hyperbolic or Naperian logarithm of any number * common or Brigg*s 
logarithm X 2.30259. 

The author has calculated the lateral pressures on steel plate bins, Fig. 2, 



12345 676 3 

Pressure in lbs. per sq. in. 

Fig. 2. Lateral Pressure in Steel Plate Grain Bins Calculated by Janssen's 

Formula. 

To use Fig. 2 to calculate the pressures in rectangular bins, calculate the pressure in a circular 
or square bin which has the same hydraulic radius, R {R — area of bin perimeter of bin), a? 
the rectangular bin. 

It will be seen in Fig. 2 that the pressure varies as the diameters, where the height divided 
by the diameter is a constant. By using this principle the pressure for any other diameter within 
the limits of the diagram may be directly interpolated. 

Problem x. Required the lateral pressure at the bottom of a cement lined bin, 10 ft. in 
diameter and 20 ft. high, containing wheat weighing 50 lb. per cu. ft. Assume ** 0.416, and 
k = 0.6, also R will = 2§ ft., = 50 lb., A =* 20 ft., and k-u = 0.25. 

Now from (8) 

L - ^ ^ 5 (, _ gJ>Mx»iU) 

0.416 ^ 

- 300(1 - e-^) 

Now from Table IV the number whose hyperbolic logarithm is 2.00 is 7.40, and 

-« 260 lb. per sq. ft., 

* 1.8 lb. per sq. in. 
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German Practice. — ^Jansaen's formula is given in Hutte Des Ingenieurs Taschenbuch, as 
the standard formula for the design of grain bins. For wheat Janssen found that ** 0.3, and 
k 0.67, so that tJi! •k » aao. Using these values and changing to English units, we have for 
wheat, 

V - (I - 

or if d a diameter or side of bin, then 

V * \wd{i - 
L - 

which is the German practice. 

Load on Bin Walls. — The walls of a deep bin carry the greater part of the weight of the 
contents of the bin. The total weight carried by the bin walls is equal to the total pressure, P, 
of the grain on the bin walls, multiplied by the coefficient of friction of the grain on the bin 
walls. 

From formula (8) the unit pressure on a unit at a depth y will be 

L = ™ (1 - (10) 


and the total lateral pressure for a depth y, per unit of length of the perimeter of the bin, will be 

fwR 


M L J 


(II) 


Now the last term in (ii) is very small and may be neglected for depths of more than two 
diameters, and 


The total load per lineal foot carried by the side walls of the bin will be 

p./ = (approx.) (13) 

For the total weight of grain carried by the side walls multiply (13) by the length of the cir- 
cumference of the bin. 

Formulas (12) and (13) may be deduced as follows: — The grain carried by the sides of the 
bin will be equal to the total weight of grain in the bin minus the pressure on the bottom of the 
bin. If P is the total side pressure on a section of the bin one unit long, then 


P* = w* A -y — i4 • 7 (a) 

~wA-y- (t - (6) 

and solving (6) 

■ ^ ~ ff-*-*'!-/*) j (ii) 


and the total load carried on a section of the bin one unit long will be found by multiplying P in 
(II) by and 
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P-m' J 

“ w P y — (approx.) (13) 

For example take a steel bin lo ft. in diameter and loo ft. deep; weight of wheat, w = 50 
lb. per cu. ft.; angle of friction of wheat on steel, n' ~ 0.375; angle of rep>ose of grain on grain, 

/i = tan 28® = 0.532 (m does not occur in formula (13) but may be used in calculating an approxi- 
mate value of ^ = (i — sin 28®)/(i -f sin 28°) = 0.37 which is a close approximation to k ^ 0.4 
which will be used). Then the load carried by the side walls per lineal foot will be from (13) 

PV = 5oX2.5 [ioo-.-f 5 — J 
= 10,416 lb. 

The total load on the entire bin walls will be 

P-m' X 31*416 = 327.635 lb. 

The total weight of wheat in the bin is 

50 X 78*5 X 100 = 392,700 lb. 
and the total load carried by the bottom of the bin is 

392,700 - 327.635 = 65,065 lb. 

and the pressure on the bottom = F = 65,065/78.54 = 830 lb. per sq. ft. From formula (7) we 
find that V = 830 lb. per sq. ft. 

EXPERIMENTS ON THE PRESSURE OF GRAIN IN DEEP BINS.~The laws of pressure 
of grain and similar materials are very different from the w'ell known laws of fluid pressure. Dry 
wheat and corn come very nearly filling the definition of a granular mass assumed by Rankine in 
deducing his formulas for earth pressures. As stored in a bin the grain mass is limited by the 
bin walls, and Rankine’s retaining wall formulas are not directly applicable. 

If grain is allowed to run from a spout onto a floor it will heap up until the slope reaches a 
certain angle, called the angle of repose of the grain, when the grain will slide dow'n the surface 
of the cone. If a hole be cut in the bottom of the side of a bin, the grain will flow out until the 
opening is blockwl by the outflowing grain. There is no tendency for the grain to sjxiut up as 
in the case of fluids. If grain be allowed to flow from an orifice it flows at a constant rate, which 
is independent of the head and varies as the diameter of the orifice. 

Experiments by Willis Whited,* and by the author at the University of Illinois, with wheat 
have shown that the flow from an orifice is independent of the head and varies as the cube of the 
diameter of the orifice. This phenomenon can be explained as follows: The wheat grains in 
the bin tend to form a dome which supp>orts the w'cight above. The surface of this dome is 
actually the surface of rupture. When the orifice is opened the grain flows out of the space below 
the dome and the space is filled up by grains dropping from the top of the dome. As these grains 
drop others take their place in the dome. Experiments with glass bins show that the grain from 
the center of the bin is discharged first, this drops through the top of the dome, while the grain 
in the lower part of the dome discharges last. 

The law of grain pressures has been studied experimentally by several engineers within 
recent years. A brief resume of the most important experiments is given in the author’s “The 
Design of Walls, Bins and Grain Elevators,’’ where after a careful study of all available experi- 
ments the author reached the following conclusions: — 

I. The pressure of grain on bin walls and bottoms follows a law (which for convenience will 
be called the law of “semi-fluids”), which is entirely different from the law of the pressure of fluids. 

* Proc. Eng. Soc. of West. Penna., April, 1901. 
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2. The lateral pressure of grain on bin walls is less than the vertical pressure (0.3 to 0.6 of 
the vertical pressure, depending on the grain, etc.), and increases very little after a depth of 2J 
to 3 times the width or diameter of the bin is reached. 

3. The ratio of lateral to vertical pressures, k, is not a constant, but varies with different grains 
and bins. The value of k can only be determined by exp>eriment. 

4. The pressure of moving grain is very slightly greater than the pressure of grain at rest 
(maximum variation for ordinary conditions is, probably, 10 per cent). 

5. Discharge gates in bins should be located at or near the center of the bin. 

6. If the discharge gates arc located in the sides of the bins, the lateral pressure due to moving 
grain is decreased near the discharge gate and is materially increased on the side opposite the 
gate (for common conditions this increased pressure may be two to four times the lateral pressure 
of grain at rest). 

7. Tie rods decrease the flow but do not materially affect the pressure. 

8. The maximum lateral pressures occur immediately after filling, and are slightly greater 
in a bin filled rapidly than in a bin filled slowly. Maximum lateral pressures occur in deep bins 
during filling. 

9. The calculated pressures by either Janssen’s or Airy’s formulas agree very closely with 
actual pressures. 

10. The unit pressures determined on small surfaces agree very closely with unit pressures 
on large surfaces. 

11. Grain bins designed by the fluid theory are in many cases unsafe as no provision is made 
for the side walls to carry the weight of the grain, and the walls are crippled. 

12. Calculation of the strength of wooden bins that have been in successful operation shows 
that the fluid theory is untenable, while steel bins designed according to the fluid theory have 
failed by crippling the side plates. 

RECTANGULAR STEEL BINS. — For the calculation of the stresses in and the design of 
rectangular steel bins, see the author’s “ The Design of Walls, Bins and Grain Elevators,** 
Second Edition. 

CIRCULAR STEEL BINS. — In the designing of steel grain bins particular attention should 
be given to the horizontal joints, and to the strength of the bin to act as a column to support the 
grain. To calculate the thickness of the metal the horizontal pressure L is obtained from Jan- 
ssen's formula, and then the thickness may be found by the formula 


2 S-f 


(14) 


where t = thickness of the plate in in. ; 

L = horizontal pressure in lb. per sq. in.; 
d « diameter of bin in in.; 

S « working stress in steel in lb. per sq. in.; 

/ efficiency of the joint. 

The unit stress S may be taken at 16,000 lb. per sq. in., and / will be about 57 per cent for a 
single riveted lap joint, 73 per cent for a double riveted lap joint, and 80 per cent for double 
riveted double strap butt joints. For the efficiency of riveted joints, see Table lla, Chapter XI. 

The allowable stresses given for the design of steel mill buildings should be used in design. 
These allowable stresses are as follows: Tension on net section 16,000 lb. per sq. in.; shear on 
cross-section of rivets 11,000 lb. per sq. in.; bearing on the projection of rivets (diameter X thick- 
ness of plate) 22,000 lb. per sq. in. Compression in columns P = 16,000 — 7o//r where P * unit 
stress in lb. per sq. in., / length of member and r — radius of gyration of the member, both in inches. 

Riyets in Horizontal Joints. — The side walls carry a large part of the weight of the grain in 
the bin and this should be considered in designing the horizontal joints. The weight of the 
grain supported by the bin above any horizontal joint can be calculated as shown in the following 
example; Assume a steel plate bin 25 ft. in diameter, and it is required to calculate the grain 
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supported by the bin walls above a horizontal joint 75 ft. below the top of the grain. From 
equation (13) the grain carried by the bin walls per lineal foot of circumference of bin, where 
w = 50 lb. per cu. ft.; m' “ 0.375; ^ ” 0.40, also R = 25/4 = 6.25, and 

PV-S0X6..5[75-5;j|2^J 
= 10,415 lb. 

The weight of the steel bin above the joint may be taken as 1,250 lb. per lineal foot of joint. 
The horizontal riveting should then be designed for a shear of 11,665 lb. per lineal foot of joint. 
Assume that the plates are f in. thick and the rivets } in. in diameter. For allowable stresses of 
16,000 lb. per sq. in. in tension, 11,000 lb. per sq. in. in shear, and 22,000 lb. per sq. in. in com- 
pression; then, Tablel l4,Part II, the value of a J in. shop rivet in single shear = 4,860 lb., and a 
field rivet is § of 4,860 = 3,240 lb., and in compression = 6,190 lb. for shop rivets and = 4.127 
lb. for field rivets. For a lap joint therefore the spacing should not be greater than 3,240 X 12 
-h 11,665 = 3.25 in., requiring but one row of rivets. 

Stresses in a Steel Bin Due to Wind Moment. — If M is the moment due to the wind acting 
on the bin above the horizontal joint, then the stress per lineal foot of joint due to wind moment 
will be 

5 = t t)tit I = iTT'd® (approx.) and 5 = (15) 

where all dimensions are in feet. For a wind load of 30 lb. per sq. ft. on two-thirds of the tank 
(20 lb. per sq. ft. on the entire surface of the tank) the wind stress will be S = 2,865 lineal 

foot. The spacing therefore should not be greater than 3,240 X 12 -i- (11,665 -f 2,865) = 2j in. 

Stiffeners. — In large circular steel bins the thin side walls arc not sufficiently rigid to support 
the weight of the grain and it is necessiiry to supply stifTeners. For this purpose angles or Z-bars 
may be used. Experience has shown that bins in which the height is equal to or greater than 
about 2i times the diameter do not need stifTeners. There is at present no rational method for 
the design of these stifTeners or the stifTeners in plate girders. In Fig. 9 will be seen the det^ls 
of a steel bin of the Independent Steel Elevator with Z-bar stifTeners. Angle stifTeners were 
ised in the bins of the Electric Elevator, Minneapolis, Minn. 



Circular steel bins are used for storage in large elevators and may be used for a complete 
elevator as in Fig. 3. The space between the bins is sometimes used for auxiliary storage. The 
circular bin walls are stiffened by means of vertical channels, and the auxiliary bins are cross-braced 
with steel rods. Complete details of circular steel bins for the Independent Elevator, Omaha, 
Neb., are shown in Fig. 9. 
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Steel Country Elevator. — General plans of a steel grain elevator for the Manhattan Milling 
Co., designed and constructed by the Minneapolis Steel & Machinery Co., Minneapolis, Minn., 
are given in Fig. 4. This elevator could easily be changed to a shipping elevator by putting in a 
wagon dump. Grain is run from the cars into the boot of the receiving leg, and is then elevated 
and conveyed by a screw conveyor to the large storage bins, or is run into the temporary storage 
bins, then cleaned and elevated and conveyed to the storage bins by the screw conveyor. The 
bins are built of steel plates, and the working house is built of steel framework covered with cor- 
rugated steel. This elevator has a capacity of 76,300 bushels but the scheme can be used for a- 

30.000 to 40,000 bushel elevator for either shipping or for milling purposes. 

THE INDEPENDENT STEEL ELEVATOR, OMAHA, NEB. General Description.— 
This elevator consists of a steel working house having a bin capacity of 240,000 bushels and 8 steel 
storage bins having a storage capacity of 100,000 bushels each, making a total storage capacity of 

1 .040.000 bushels. 

The steel working house is 64 ft. X 70 ft., with 14 ft. sheds on two ends and one side, as 
shown in Fig. 5. The sub-story of the building is 26 ft. The bins are 64 ft. 4 in. high, as shown 
in Fig. 6, and are supported on steel columns, as shown in Fig. 6 and Fig. 7. The spouting story 
is 24 ft. 6 in. high; the garner and scale story is 26 ft. 6 in. high; and the machinery story is 13 
ft. 8 in. high. The walls below and above the bins are covered with No. 24 corrugated steel laid 
with li corrugations side lap and 3 in. end lap. The roof is covered with No. 22 corrugated steel 
laid directly on the steel purlins with 2 corrugations side lap and 6 in. end lap. 

On the first or working floor the floor between the tracks is made of i in. plate bolted to the 
beams, while the remainder of this floor is made of concrete filled in above concrete arches which 
rest on the flanges of the beams with a finish li in. thick of Portland cement mortar consisting 
of one part cement to one part clean, sharp sand. The concrete is composed of one part Portland 
cement, two parts sand, and five parts crushed stone. 



The floor of the cupola throughout the different floors and in the gallery leading over the 
bins is made of No. 24 corrugatea steel resting on steel framework, and covered with 3 in. of con- 
crete and a one-inch finish of one to one Portland cement mortar troweled smooth. All doors 
are of the rolling steel type. The \vindow frames were made of 2 in. X 6 in. timbers and are 
covered with No. 26 sheet steel. All windows are provided with li in. checked rail sash and are 
glazed with double strength glass. 

Painting. — All steel work of every description was painted with one coat oxide of iron paint 
at the shop and a second coat after erection. The tank plates and corrugated steel were painted 
on the exterior surface only after erection. 

Bins. — The eight steel storage bins are 44 ft. in diameter and 80 ft. high, have a capacity of 

100,000 bushels and rest on separate concrete foundations. The bins are constructed of steel 
plates stiffened with Z-bars, as shown in Fig. 9. The bins are covered with a steel plate roof, 
Fig. 12, supported on roof trusses, as shown in Fig. ii and Fig. 13. A conveyor gallery 10 ft. 
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wide and 8 ft. high extends from the working house over the bins. A conveyor tunnel extends 
from the working house under the bins. The rivet spacing in the circular bins is shown in Fig. 9. 

The bins in the working house are arranged as shown in Fig. 8, and are constructed of plates, 
as shown in Fig. 6 and Fig. 7. The bins, 14 ft. X 16 ft., are braced in the corners with angle 
braces spaced 5 ft. centers vertically, and of the sizes shown in Fig. 8. The large bins are also 
braced with i and i-in. round rods spaced 5 ft. apart as shown. All the smaller bins are braced 
with |"in. round rods spaced 2 ft. 6 in. apart as shown. Vertical angles in the sides of the bins 
are provided, as shown in Fig. 6, Fig. 7, and Fig. 8. 



Detail at Pt>mf "A * 


$4~0*0i/fta0ufoff^hr 



Fig. 8. Plan op Bins in Working House op Independent Elevator. 
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EQUIPMENT . — ^There are two stands of receiving elevators with receiving pits on either 
side. These elevators have 22-inch 6-ply belts and 20 in. X 7 in. X 7 in. buckets spaced 14 in. 
apart; the receiving pits are covered with steel grating, and a pair of Clark’s automatic grain 
shovels are located at each unloading place. These elevators are driven with an electric motor 
of 100 H. P., each elevator being driven with a clutch and pinion so that the elevator may be 
8topf)ed apd started at will. 

There is one stand of shipping elevators constructed in the same manner, having a 26-in. 
6-ply belt and 2 lines of 12 in. X 7 in. X 7 in. buckets spaced 14 in. apart. 







W/i^U* 

I - . 1 I..J I 

' I I ■ ‘ 



— 5paces - - •♦I 
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Fig. 10. Details of Bin Bottoms and Conveyors under Bins, Independent 

Elevator. 

There are two stands of cleaning elevators with 14-in. 6- ply belts with 12 in. X 6 in. X 6 is 
buckets spaced 12 in. apart. 

There are also two screenings elevators with 9-in. 5-ply belts with 8 in. X 5 in. X 5 in. 
buckets spaced 12 in. apart. 

The shipping, screenings, and cleaner elevators are driven from a line shaft which is driven 
by a 100 H. P. motor, each elevator being driven by a core wheel and pinion. 

Three scale hoppers, having a capacity of 1,800 bushels, are located in the cupola, and three 
garner hoppers of i ,800 bushels capacity are located above the scale hoppers. 

The main line shaft on the first floor is driven by a 170 H. P. motor. 

A car puller capable of moving 25 loaded cars is provided. 

Elerators. — ^The boots of the receiving and shipping elevators rest in water-tight steel boot 
tanks made of «tecl plates. The elevator boots arc made of steel plates, the boot puV 


INDEPENDENT STEEL GRAIN ELEVATOR. 


417 


leys having a vertical adjustment of 8 inches. The elevator cases are made of No. 12 steel up to 
the bins, and of plates in the bins, and No. 14 steel above the bins. The cases are strength- 

ened by angles at the corners. The elevator heads are made of No. 14 steel. At each receiving 
elevator is a large elevator pit extending from the leg back to the center of the track. This pit 
is constructed of beams and plates and is covered with a grating of ij X i-in. bars spaced 

li in. apart. 

The elevator buckets are “Buffalo” buckets; those for the receiving elevators are 20 in. X 7 
in. X 7 in.; for the shipping elevators two lines of 12 in. X 7 in. X 7 in. buckets; for the cleaning 
elevators one line of 12 in. X 6 in. X 6 in. buckets; and for the screenings elevator one line of 
8 in. X 5 in. X 5 in. buckets. The buckets in the receiving, shipping and cleaning elevators 
are spaced 14 in. apart, while those in the screenings elevator are spaced 12 in. apart. 

The elevator belts in the receiving elevators are 22 in. wide and 6-ply, the shipping belts 
are 26 in. wide and 6-ply; the cleaning belts are 14 in. wide and 6- ply, and the screenings belts 
are 9 in. wide and 5-ply. The belting is made of 32 ounce duck and is first-class. 



F(oof Framing Plan for Tanks. 


Fig. II. Framing for Roof of Circular Bins, Independent Elevator. 

Spouts. — The building is provided with a complete system of spouts. The general distrib- 
uting spouts from the scales to the shipping spouts arc double-jointed Mayo spouts. There are 
three shipping spouts which are provided with telescoping bottom sections. All bin bottoms 
are provided with a revolving spout with a cut-off gate operated with a rack and pinion, with 
cords leading to within reaching distance of the floor. 

Conveyors. — The conveyor belt leading from the working house over the bins is a 36 in. 
4-ply conveyor belt, is carried on disc rolls consisting of 3 straight-faced 6-in. pulleys and 2 special 
discs; the discs run loose on the shafts, which are i A'in. diameter and are spaced 5 ft. centers. 
The return rolls are 5-in. straight-faced rolls spaced 15 ft. centers. At each point in the elevator 
where grain is loaded onto the belt there are two pairs of special conbentrating rolls. Movable 
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trippers provided with spouts are provided, so that grain may be discharged on either side of the 
belt. The entire conveyor is carried on a steel framework. The conveyor belt is driven by a 
40 H. P. motor. The conveyor in the tunnel leading from the storage tanks to the working 
house is of the same type as the conveyor above the bins, and is supported on a steel framework, 
except that the top or carrying rolls are all of the concentrating types, as shown in Fig. 10. The 
concentrating rollers are composed of two straight-faced rolls from the main shaft, and two 
concentrating rolls meeting at an angle of 45® to the straight rolls. The lower conveyor is driven 
by a rope drive from the main line shaft in the working house. 



Fig. 13. Details of Steel Roof Truss for Steel Bins, Independent Elevator. 


Scale Hoppers. — There arc three scale hoppers of 1,800 bushels capacity, each mounted 
on a Fairbanks- Morse and Company’s scales, having a capacity of 84,000 lb., and have steel 
frames. The hoppers have A-in. steel plate sides, and i-in. plate bottoms, stiffened with angle 
irons, and are tied together with tie rods. Each hopp)er is provided with a 22-in. cast iron outlet 
with a steel plate cut-off gate. 

Gamers. — A steel garner hopper is placed directly over each scale hopper. The garners 
have a capacity of 1,800 bushels, and are constructed with A-in. side plates and i-in. bottom 
plates. The bottoms of the garners are hoppered to four openings, which are provided with gates 
sliding on steel rollers. 

Cleaning Machines. — A large size cleaning machine and a large size oat clipper are provided. 
These machines are connected with a large dust collec tor which discharges the dust from the 
cleaning machines and from the sweepings outside of the building. 

Car Puller. — A car puller having a capacity of 25 loaded cars is provided. The car puller 
has two drums, each provided with 400 ft. of |-in. crucible steel cable. 

Shovels. — A pair of Clark automatic grain shovels, with all necessary counterweights, sheaves, 
scoops, etc., are provided. 

The total weight of steel in the elevator is 1,700 tons; approximately 900 tons in the working 
house, and 800 tons in the circular bins and conveyors. 

The total cost was $205,000, of which the 8 steel bins and conveyors cost $80,000. 

COST OP STEEL GRAIN ELEVATORS.— The following costs of steel grain elevators have 
been taken from the author’s “The Design of Walls, Bins and Grain Elevators,’’ which also gives 
costs of reinforced concrete and tile bins, and timber grain elevators. The total cost of the steel 
grain elevator of the working house type, constructed by the Great Northern Railway at 
Superior, Wis., was 39.65 cts. per bushel of storage. The elevator had a storage capacity of 
3,100,000 bushels, and the steel weighed 7 lb. per bushel of storage capacity. The Independent 
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Elevator cost 9J cts. per bushel storage capacity for the steel bins, and 54 cts. per bushel storage 
capacity for the working house. A steel country elevator having four steel tanks, 17} ft. diam- 
eter and 30 ft. high, with an interspace bin and a conveyor shed, and having a storage capacity 
of 30,000 bushels, weighed 3 lb. per bushel of storage capacity. The shop cost and cost of erec- 
tion of the structural steel was 1 15.00, and I19.00 per ton, respectively. 

References. — For the design of reinforced concrete grain bins and elevators, and for additional 
data and examples, see the author’s “The Design of Walls, Bins and Grain Elevators.” 



CHAPTER X. 

Steel Head Frames and Coal Tipples. 


Types of Head Works for Mines. — The design of the head works for a mine depends upon 
the material which is to be hoisted, upon the depth of the mine, the inclination of the shaft, the 
rate of hoisting, the amount to be hoisted at one time, the treatment of the ore or coal after being 
hoisted, and upon the material used in the construction of the structure. Head works for mines 
may be divided into three classes: (i) head frames; (2) rock houses; (3) coal tipples. 

The first head frames were constructed of timber; the most common type being the 4-post 
head frame. The square or rectangular mine tower was cross-braced and the sheave supports 
were made of heavy timber. The back brace was inclined and was placed between the hoisting 
rope and the line of the resultant of the stress in the hoisting rope. 



A-frame in Fig. i is the most satisfactory type where conditions permit of its use. It is simple 
in design and economical of material; the stresses are statically determinate, and it can be easily 
and effectively braced, making a very rigid frame. The 4-post frame in Fig. 2 is the type to use 
when it is necessary to hoist from several compartments of a shaft not in a single line. It is also 
used for coal tipples and double compartment shafts. The 4-post frame is not so economical of 
material as the A-frame; is more difficult to brace effectively, partly for the reason that part of 
the bracing in the tower must be omitted to permit the dumping of the ore or coal, and in addition 
the stresses are statically indeterminate. The frame shown in Fig. 3 is a modification of the 
A-frame used for an inclined shaft. Several early head frames in the coal fields of Pennsylvania 
were built on the lines of the frame shown in Fig. 4. This type of frame has no points of merit 
and is practically obsolete. 

For an elaborate discussion of the design of head frames, coal tipples, and other mine struc- 
tures, see the author’s “The Design of Mine Structures.” 

METHODS OF HOISTING. — In hoisting from inclined or vertical shafts, the hoisting 
engine Is placed at some distance from the mouth of the shaft, the cable passes up over the sheave 
at the top of the head frame and into the shaft. The rope, if round, is carried on a smooth or a 
grooved hoisting dtum, and if flat, is carried on a hoisting reel. The maximum working load on 
the rope occurs when the loaded skip or cage is being hoisted from the bottom of the shaft. The 
working load then consists of the skip or cage, the load, the acceleratmg force, the weight of the 
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rope itself, and the friction of the rope on the sheave and drum and of the skip or cage in the 
guides. 

With round ropes the hoisting drum for deep mines is commonly made conical, the small 
diameter being used when the load is at the bottom of the shaft. Flat ropes are wound on a reel, 




so that the small diameter is used when the load is at the bottom of the shaft, the diameter of 
the reel increasing as the rope is wound up. The required height of the head frame depends 
upon (i) the room required for screening, crushing and handling the coal or ore; (2) the speed 
of hoisting — with rapid hoisting it is necessary to have a height from the landing to the sheaves 



of from two to three times the height of the cage or skip or a full revolution of the drum to prevent 
over winding, and (3) the desired location of the hoisting engine. With a given height of head 
frame h, the distance d. Figs, i to 5, depends upon the diameter of the sheave, the diameter of 
the rope, and whether the rope is round or flat. The sheave should be as large as can conveniently 
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be used, as the larger the sheave the longer the life of the hoisting rope. The inertia of a large, 
heavy sheave, however, with rapid hoisting may kink the rope and cause excessive wear. The 
bending stresses in flat ropes for a sheave of given diameter are less than in round ropes having 
equal strength, but the life of flat ropes is less than for round rof>es. Flat ropes are wound on 
reels which are at all times in line with the head frame sheave, while round ropes are wound 
on a drum so that the horizontal angle between the center line of the sheave and the cable is 
continually changing. The distance, d, for flat ropes can then be less than for round ropes. 



Fig. 6. Gilberton Steel Head Frame, 


Hoisting from mine shafts is commonly done in two compartments of the shaft at the same 
time, the unloaded skip or cage descending as the loaded skip or cage ascends. This is known as 
hoisting in balance or counterbalance. There is a considerable saving in power in hoisting in 
balance. To hoist in balance it is necessary to take ore from one level with both skips unless the 
Whiting system is used. When a round rope winds off the drum it makes an angle with the 
groove in the sheave on the head frame and the friction increases the tension in the cable and 
also reduces its life. To reduce the friction and wear the hoisting engines are placed at a con- 
siderable distance back from the head frame. 

The head frame may be placed so that the sheaves are parallel, as in Figs, i to 4, or so that 
the sheaves arc in tandem, as in Figs, 5 and 6. With the latter method it is necessary to place 
the hoisting engine farther from the shaft than where the sheaves are in parallel. Where the 
hoisting engine is placed well back from the shaft it becomes necessary to support the hoisting 
rope on idlers, as shown in Fig. 6. Where mines have three compartment shafts, ore is commonly 
hoisted from but two compartments, the third compartment being used for pumps, pipes, etc. 
This arrangement makes it necessary to place the head sheaves so that they will not be sym- 
metrical with the center line, bringing heavier working stresses on one side of the head frame 
than on the other side. 

Hoisting from Deep Mines. — In deep mines the rope in the mine becomes a large part of 
the load and various methods have been used to counterbalance the weight of the rope. Four 
methods for obviating the difficulty just mentioned have been used: (i) the Koepe system; 
(2) the Whiting system; (3) modifleations of (i) and (2), and (4) by the use of a taper rope. These 
methods are described in the author's “The Design of Mine Structures." 

HOISTING ROPES .-^Round hoisting ropes are commonly made of six strands, each of 
which is formed by twisting nineteen wires together, the strands being wound around a hemp 
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center. Wire strands are twisted around the core either to the right or the left, and the resulting 
rope is either “right lay” or “left lay.” The twist may be long or short; the shorter twist forms a 
more flexible rope, while the longer twist forms a more rigid rope. Wire rope is made of iron, 
open-hearth steel, crucible steel, and plough steel. The strength of the wire from which the 
rope is made is about as follows: iron wire, 40,000 to 100,000 lb. per sq. in.; open-hearth steel 
wire, 50,000 to 130,000 lb. per sq. in.; crucible steel wire, 130, opo to 190,000 Ib. per sq. in.; and 
plough steel wire, 190,000 to 350,000 lb. per sq. in. Hoisting ropes are usually made of crucible 
cast steel or plough steel. 

Flat wire rope is composed of several round ropes whose diameter is equal to the required 
thickness of the flat rope, laid side by side and sewed together with iron or annealed cast steel 
wire. The round ropes are alternately of right and left lay or twist, have four strands without 
either hemp or wire center. The number of wires in each strand is usually seven, but may be 
nineteen. The chief drawbacks to the use of flat wire rope are its first cost and the rapid wear 
of the sewing w'ircs. 

Flat ropes and reels are used to a limited extent in the western part of the United States, while 
round ropes are generally used in hoisting coal and in the deep copper and iron mines in Michigan. 

Strength of Wire Rope. — The dimensions, weight and strength of round crucible steel hoisting 
rope are given in Table I, while similar data for plough steel hoisting rope are given in Table II. 
The strengths of wire rope given by the different makers differ somewhat. 

TABLE 1 . 

Cast Steel Hoisting Rope. Ultimate Strength, Working Strength and Weight of 
Wire Rope Composed of 6 Strands and a Hemp Center, 19 Wires 

TO the Strand. 


Diameter, 

In. 

Approximate 

Circumference. 

In. 

Weight per 
Ft.. Lb. 

Safe Working 
Load, for Hoist- 
ing, L. Lb. 

Approximate Break- 
ing Stress, Lb, 

Safe Working 
Stress for Direct 
Full, .V. Lb. 

Minimum Size 
of Drum or 
Sheave, Ft 

2? 

8i 

11.95 


456,000 

76 000 

10 

2I 

7 i 

9.85 

to 

380 000 

66,300 

9 i 

2i 

7 i 

8.00 

ii 

312,000 

52,000 

8J 

2 

6i 

6.30 

(O 

248,000 

41,300 

8 

li 

5 i 

4.8s 

bo 

c 

192,000 

32,000 

7 i 

ii 

5 

415 

G 

168,000 

28,000 

6i 

li 

4 i 

355 

0 

JO 

144,000 

24,000 


li 

4 i 

3.00 

1 

124,000 

20,700 

si 

li 

4 

2.45 

CO 

cl 

100,000 

16,700 


li 

3 i 

2.00 

II 

84,000 

14,000 

4 i 

1 

3 , 

1.58 


68,000 

11,300 

4 , 

i 

2i 

1.20 

tT 

52,000 

8,700 

3 i 

i 

2i 

0.89 


38,800 

6,300 

3 , 

1 

2 

0.62 

bo 

27,200 

4,500 


A 

li 

0.50 

c 

-.3 

22,000 

3 » 7 oo 

li 

i 

li 

0.39 

0 

17,600 

2,900 

li 

A 

li 

0.30 


13.60 

2,300 

li 

i 

li 

0.22 

W 

c4 

10,000 

1,670 

I 

A 

i 

o.is 

CO 

6,800 

1,170 

i 

1 

i 

O.IO 


i 4,800 

800 

i 


Working Load on Hoisting Rope. — The stresses in a hoisting rope are the sum of the stresses 
due to (i) the weight of the rope, (2) the friction of the rope, (3) the bending of the rope over the 
head sheave, (4) the live load, and (5) the impact due to starting and stopping the load. The 
stresses due to bending are discussed in the next section. The stresses due to impact vary from 
zero to twice the working load if the hoisting cable is taut, and to several times the working load 
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TABLE II. 

Plough Steel Hoisting Rope. Ultimate Strength, Working Strength and Weight of 
Wire Rope Composed of 6 Strands and a Hemp Center, 19 Wires 

to the Strand. 


Diameter, In. 

Approximate 
Circumfer- 
ence, In. 

Weight 
per Ft., Lb. 

Safe Working 
Load for 
Hoisting, L, 
Ld. 

Approxim?te 
Breaking 
Stress, Lb. 

Safe Working 
Stress for 
Direct Pull, 

S, Lb. 

Minimum 

Size of Drum 
or Sheave, Ft. 


8| 

1 1.9s 


550,000 

91,700 

H 

2I 

7i 

9.8s 


458,000 

76,300 

I2i 

4 

7 i 

8.00 


372,000 

62,000 

11 

2 

6l 

6.30 


280,000 

47,700 

9 i 

li 

sl 

4.85 

to 

a 

224,000 

37,300 

8i 

i| 

s. 

4.IS 

'O 

c: 

i83,ooo 

31,300 

7 i 


4 i 

3-55 


164,000 

27,300 

7 


4 i 

3.00 

1 

144,000 

24,000 

6J 

li 

4 , 

2.4s 

CO 

116,000 

19,300 

6 

li 

3 i 

2.00 

II 

94,000 

15,700 

5 

I 

3 , 

1.58 


76,000 

12,700 

42 

i 

2i 

1.20 

•T3 

58,000 

9,700 

4 

1 

2i 

0.89 

C8 

0 

46,000 

7,700 


i 

2 

0.62 


31,000 

5,170 

21 

A 

II 

0.50 

to 

.£ 

24,600 

4,100 

2i 

i 

li 

0.39 

u. 

0 

20,000 

3,300 

2 

A 

li 

0.30 


16,000 

2,700 

li 

i 

li 

0.22 


11,500 

1,900 

li 

A 

I 

0.15 

CO 

7,600 

1,270 

li 

1 

i 

O.IO 



890 

I 


TABLE III. 


Cast Steel Flat Hoisting Rope. Ultimate Strength, Working Stress and Weight of 
Flat Wire Rope Composed of 4 Strands, 7 Wires to the Strand. 


Width and 
Thickness, In. 

Weight in Lb. 
per Lineal Foot. 

Safe Working 
Load for 
Hoisting. L, 
Lb. 

Approximate 
Breaking 
Stress, Lb. 

Skife Working j 

Stress for Di- ] 

rect Pull, 5, i 

Lb. j 

Approximate Diame- 
ter in Inches of Round 
Cast Steel Rope of 

Equal Strength. 

i X si 

3.90 


110,000 

18,300 

I A 

f X s 

3.40 


100,000 

16,700 

li 

1 X 4 i 

3.12 


94,000 

15,700 

lA 

1 X 4 

2.86 


86,000 

14,300 

li 

iX 3 i 

2.50 

.s W 

V 

76,000 

12,700 

I 

I X 3 

2.00 


60,000 

10,000 

it 

i X 2j 

1.86 

ra 

0 W) 

56,000 

9,300 

1 

i X 2 

1. 19 

^ C 

36,000 

6,000 

i 

i X 7 

5.90 

'■iJi 

178,000 

29,700 

If 

i X 6 

5. 10 

i 1 

154,000 

25,700 

lA 

i X si 

4.82 


144,000 

24,000 

4 

i X S 

4-27 

II 

128,000 

21,300 

if 

1 X 4 i 

4.00 

120,000 

20,000 

lA 

iX4, 

3.30 


100,000 

16,700 

If 

fxsi 

2.97 


90,000 

15,000 

If 

*X3 

2.38 


72,000 

12,000 

I 
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if the cable is slack. If a descending cage should stick and then drop, the stress will be equal 
to the kinetic energy developed and will be very large. The load due to starting a cage suddenly 
from the bottom of a shaft may be taken as 

X=F2lF+i?+F (I) 

where K — stress in lb. at the sheave at the instant of picking up the load; 

W = gross load in lb.; 

R = weight of roj>e in lb.; 

F = friction in lb., — (W + R)f, where / = coefficient of friction, which may be taken 
at o.oi to 0.02 for vertical shafts and from 0.02 to 0.04 for inclined shafts with the rope supported 
on rollers. The working load should not be greater than K plus the stress due to bending, and 
should not exceed J of the ultimate strength of the rope, or i of the ultimate strength for direct pull. 

For inclined shafts with angle of inclination with horizontal = 6 , the stress in the rope due 
to starting the cage is 

K' = ( 2 W -f R) sin e +/(IF 4- R) cos 6 (2) 

Bending Stresses in Wire Rope. — The stresses due to bending will depend upon the diameter 
of the rope, the make-up of the rope, the angle through which the rope is bent, and the diameter 
of the sheave. The unit stress due to bending in a round hoisting rope may be obtained from 
formula (3), the form of which is due to Rankine (“ Machinery and Mill Work,” p. 533). 

5=1,894,000- (3) 

where D = the diameter of the sheaves in inches, and d = the diameter of the rope in inches. 
The area of the steel in a round hoisting rope is approximately a = 0.4^*, and the total bending 
stress in a round rope will be 

56 = 5-a = 757.600 ^ (4) 

Now the direct breaking strength of a crucible steel round rope is closely 

U = 6o,oood* (5) 

Where bending stress is considered, the safe working load should not exceed J of the ultimate 
strength, and the safe working load, L, should not exceed 

(F 

L = 20,oood* — 757,600 ^ (6) 

The safe working loads for crucible steel round ropes based on formula (6) are given in Fig. 7.* 
For plough steel ropes the ultimate strength is 17 = 70,oood*, and 

(F 

L = 26,70od* - 757.600 ^ (6') 


Mr. William Hewitt in “Wire Rope,” published by the Trenton Iron Company, gives the 
following formula for bending. f 


56 


i.o3f + C 


(7) 


where E = the modulus of elasticity of steel, a = the area of the rope in sq. in., D «» the diameter 
of the sheave in inches, d' = the diameter of the individual wires in inches, and C a constant 


♦ Redrawn from a diagram prepared by Mr. E. T. Sederholm, Chief Engineer, Allis-Chalmers 
Company. 

t Also see Engineering News, May 7, 1896. 
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Steel Hoisting Ropes with six 
strands oF nineteen wires each. 
Total unit stress eguais direct 
stress plus bending stress or 
eguais 50,000 ibs.per sg.in. 
Working unit stress equals 50000 
minus bending stress. 

Bending stress in rope eguais: 

5=1,894,000 ^ 

Safe Working L ood in rope 
eguak : 

L=30,000d^-75Z600^ 

d=diam. oF rope in inches . 
D =^diom, oF drum in inches. 




1 

I 

I 


Diameter oD Drum in feet 


Fig. 7. Safe Working Stresses, L, in Crucible Steel, Round Hoisting Rope. 


depending upon the rope, and varies from 9.27 for haulage rope to 27.81 for tiller rope, 
standard hoisting rope, C * 15.45. Substituting £ = 29,000,000, 


a 


0.4 flP, and di « — , we have 
^0 




For 


( 8 ) 


Since d is very small as compared with the values of D used in hoisting, formulas (4) and (8) 
give practically the same results. 
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Fig. 8. Safe Working Stresses, L, in Crucible Steel, Flat Hoisting Rope. 


Sheaves and Safety Hooks. — For details and data on sheaves, safety hooks, etc., see the 
author’s ’’The Design of Mine Structures.*' 

EXAMPLES OF STEEL HEAD FRAMES. — ^The detail plans for three steel head frames 
taken from the author’s “The Design of Mine Structures’* are excellent examples of steel head 
frames. Data on i6 steel head frames are given in Table V. 
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Steel Head Frame for the Diamond Mine. — The details of the steel head frame of the 
Diamond mine are shown in Fig. 9. The Diamond head frame is 100 ft. high from the collar 
the shaft to the center of the sheaves. The shaft is 2,800 ft. deep. The sheaves are 10 ft. 
In diameter and carry a 7 in. X i in. flat rope. The ore is hoisted in self-dumping skips with a 
:apacity of 7 tons and weighing 3J tons, and is dumped into hoppers from which it is run directly 
nto cars which pass beneath the head frame. The main front columns and back braces are 



lade of built-up sections consisting of one cover plate 20 in. X A in., two plates 18 in. X A in., 
angles 3J in. X 3 J in. X i in., with lacing bars on the inner side 4 in. X I in. The main diagonal 
racing is made of two channels laced. The total weight of the structural steel in the head frame 
roper was 292,000 lb., while the steel work in the bins weighed 26,000 lb. At 40 cts. per hour 
le cost of shop labor on the structural steel was 1.09 cts. per lb. The cost of erection, everything 
?ing riveted, was $11.20 i>er ton. 

Steel Head Frame for the New Leonard Mine. — The steel head frame shown in Fig. 10 was 
uilt by the American Bridge Company for the New Leonard mine of the Boston & Montana 
opper Company, Butte, Montana. The head frame is of the A-type, and is 140 ft. high from 
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the collar of the shaft to the center of the sheaves. The mine has a four compartment shaft, two 
of the compartments being used^for hoisting ore. The mine is now 1,697 ft* deep, but the head 
frame was designed for an ultimate depth of 3,500 ft. The ore is hoisted in five-ton self-dumping 
skips with a single deck cage above the skip. The skips weigh 7,500 lb. each. Four-deck cages 
are used for hoisting men. The hoisting rope is i J in. in diameter, a round hoisting rope being 
an innovation in the Butte district. The rate of hoisting is 2,800 ft. per minute. The skip ore 
bins have a capacity of 150 tons. From the skip ore bins the ore runs into railroad ore bins (not 
shown in Fig. 14), 26 ft. 9 in. wide by 150 ft. long, with a capacity of 1,500 tons. The sheaves are 
12 ft. in diameter, and are placed 5 ft. 10 in., center to center. 

The main posts are made of two channels 12 in. @ 20 J lb., with a cover plate 16 in. wide 
and A in. and { in. thick, with lacing on the inner side. The back braces for the lower two 
panels are made of channels 12 in. @ 30 lb., with a plate 16 in. X I in. ; the third section is made 
of two channels 12 in. @ 30 lb., with a plate 16 in. X A in., while the two upper sections are 
made of channels 12 in. @ 2oi lb., laced on both sides. The main struts and diagonal braces are 
made of two channels, with battens top and bottom. The skip guides are made of two channels 
12 in. @ 20 J lb. The main girder at the top of the back brace consists of one plate 36 in. X | in., and 
four angles 4 in. X 4 in. X I in. The skip bins are supported on columns made of two channels 
10 in. @ 15 lb., laced on both sides. Where two channels are used for a section, the flanges are 
turned out. The New Leonard head frame is one of the highest in the country, and is one of the 
best designed frames that has been constructed.' The shipping weight of the structural steel in 
this head frame was 346425 lb. 

Tonopah-Belmont Steel Head Frame. — The Belmont shaft of the Tonopah-Belmont Mining 
Co., Tonopah, Nevada, is at present 1420 ft. deep. It has three compartments, one for the 
ladder-way and pip>es and two for hoisting. Double-deck cages of the Leadville type are used 
for hoisting, but the use of skips is contemplated later. The head frame, Fig. 1 1 , is of the A-type, 
and the height is 75 ft. from the base to the center of the sheaves. The hoisting drum is placed 
100 ft. from the center of the shaft. 

TABLE IV. 


Estimate of Weight of 75-FT. Steel Head Frame, Tonopah-Belmont Mining Co. 


Member. 

Weight in Lb. 

Total Weight, 

Lb. 

Details in 

Per Cent of 
Main Members. 

Main Members. 

Details. 

Back braces 

9,170 

4.150 

13.320 

43 

Front posts 

3.590 

2,790 

6,380 

77 

Girders 

S.446 

1,250 

6,696 

23 

Diaphragms 

2,936 

2,582 

S.S18 

82 

Channels 

1,790 

440 

2,230 

25 

Angle struts 

2,627 

1,015 

3.642 

39 

Channel struts 

3.263 

2.179 

5,442 

67 

Stringers 

1,4^ 

613 

2,079 

43 

Angle bracing 

8,06s 

2,279 

• 10,344 

28 

Steel girders 

6,673 

414 

7 ,ofi 7 

6 

Total 

45,026 

17.712 

62,738 

39*4 


The sheave wheels are of the bicycle pattern with a diameter of 84 in. at the center of the 
rope groove, and an over all diameter of 91 in. Each wheel has 16 spokes of i) in. rolled iron 
rods. The spokes are cast at their inner ends into two rings x6 in. in diameter and 3 in. wide, 
so that they form integral parts of the hub, which is 12 in. in diameter and 16 in. long, while the 
outer ends are cast into bosses on the inside of the ring. The rolled steel shafts are x6 in. in 
diameter at the central portion with bearings 5 in. in diameter, and are 12 in. long. The rope 
grooves are turned in hard maple blocks fastened in a recess in the rim. The total weight of 
the sheaves is 2,950 lb. each. 







Fig. 10. New Leonard Steel Head 
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The head frame is designed so as to give a factor of safety of 8 wnjn there is on each sheave 
a load of 100,000 lb. The head frame is sufficiently strong and rigid to permit of hoisting loads 
of 7 tons from a depth of 2,000 ft. at a speed of 1,000 ft. per minute without appreciable vibration 
during the most severe period of starting and acceleration. 

TABLE V. 

^ Data on Steel Head Frames. 



Description. 

Depth of 
Mine, Ft. 

Height of 
Frame, 

Ft. In. 

Diameter of 
Sheaves, 

Ft. In. 

M c ! 

0 c-l 

1 

Weight of 1 

Weight of 
Ore. Lb. 

Rate of 
Hoisting. 

Weight of 
Head Frame, 
Lb. 

s| j.1 

1 

1 

Skip, 

Lb. 

1 

Cage. 
Lb. i 

Ft. 

per 

Min. 

Tons 

per 

Day. 

I 

Sibley Mine, Ely, Minn.. . 

726 

140-0 

12-0 

u 

Skips 

5.000 

3,t;oo 14,000 

2,000 


576.663 



(de- 













signed 













for 













2,000) 











2 

High Ore, Butte, Mont. . . 

2,800 

100-0 

1 0-0 

7 Xi 

Skips 

7,000 


14,000 

1,000 

1,200 

292,000 

3 

Diamond, Butte, Mont.. . 

2,800 

100-0 

10-0 

7 Xi 

Skips 

7,000 


14,000 

1,000 

1,200 

318,000 

4 

New Leonard, Butte, 













Mont 

1.679 

140-0 

12-0 

li 

Skips 

7,500 


10,000 

2,800 


346.425 



(de- 













signed 













for 













3.500) 











5 

Inland Steel Co., Hibbing, 













Minn 

225 

76-0 

6-0 

l\ 

Skips 

3,700 


6,700 



79,000 

6 

Elkton, Elkton, Colo 

SS-o 

5-0 

3 iXi 


15,200 









work- 













ing 













load 




7 

Cia. Minera de Penoles, 













Bermejillo, Mex 

1,000 

90-0 

7-0 

1} 

Skips 

5,000 


10,000 



80,000 

8 

Tonopah-Belmont, Tono- 







pah, Nev 

1,420 

75-0 

7-0 

I 





1,000 


63,000 








9 

Copper Queen, Bisbee, 














1,700 

60-0 

7-0 

1} 

Skips 

5,990 


3700 


2,000 

35,250 

10 

Union Shaft, Virginia, Nev, 

.',000 

50-0 

7-0 

I 

Cages 


1,200 

2,400 

I,COO 

500 

42,000 

II 

Speculator, Butte, Mont.. 


50-0 

7-0 

7 Xi 

Skips 






42,200 

12 

Basin & Bay State, Basin, 













Mont 


70-0 

lO-O 

li 

Skips 






79,000 

11 

Steward, Butte, Mont.. . . 



7-0 

Skips 



10,000 



45,000 

* j 

H 

Anaconda, Butte, Mont. . 

2,400 

JJ ^ 

58-8 

lO-O 

7 Xi 

Skips 

7,000 


14,000 

1,000 

1,200 

74,700 

15 

Quincy Rock House, No. 













2, Hancock, Mich 

6,000 

1 19-3 

12-0 

1} 

Skips 

10,000 


168 


2,400 

839,000 



(in- 







cu. ft. 






clined 













57 °) 











16 

St. Lawrence, Butte, Mont. 

2,100 

97-0 

10-0 

7 Xi 

Skips 

7,000 


14,000 

1,000 

1,200 

117,000 


The head frame was built by the Koken Iron Works, St. Louis, Mo., was made of structural 
steel furnished under standard specifications, and was fully riveted up in place with pneumatic 
hammers. The shipping weight of the structural steel was 63,000 lb. 

The hoist is placed 100 ft. from the shaft, and is a Wellman-Seaver-Morgan double drum 
electric hoist with drums having 64 in. diameter and a face 36 in. wide between flanges. The 
hoist is designed to operate in or out of balance and is capable of handling a load of 12,000 lb. 
at a speed of i.ooo ft. per minute. The hoisting rope is a six strand, nineteen wire, plow-steel 
rope, I in. in diameter, that weighs 1.58 lb. per ft., and each rope is 1,700 ft. long. The diameter 
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of the drum at the hoist is 64 in., but the rope winds twice around the drum, so that the diameter 
is 66 in. near the end of the lift. With proper allowance for bending stresses the working stresses 
under the most severe conditions do not exceed the working load of 7.6 tons as given by the manu- 
facturers of the wire rope. 

Estimate of Weight of a Steel Head Frame. — A summary of a detailed estimate of the 75 ft. 
steel head frame built by the American Bridge Company at Tonopah, Nev., is given in Table IV. 
The details are 39.4 per cent of the weight of the main members. The rivet heads are 4. i per cent 
of the weight of the structure. 

For additional examples of steel head frames, see the author’s “The Design of Mine Struc- 
tures.” 

COAL TIPPLES. — The design of a coal tipple depends upon the quality of the coal, upon 
whether the coal is hoisted from the shaft or is taken from a drift or tunnel, and upon the work 
that it is necessary to do in order to prepare the coal for the market. The coal tipple for a bitumi- 
nous mine in which the coal is hoisted from a shaft, consists of a head frame and a shaker structure 
or tipple proper where the coal is weighed and screened. A coal tipple for an anthracite mine 
ordinarily consists of a head frame with storage bins into which the coal is run without crushing 
or screening; the coal being prepared for market in a separate breaker building. Where bituminous 
coal is dirty or contains a large amount of refuse material it is sometimes cleaned in a washer 
building, or is broken, sized and cloaned in a coal breaker. 

With a double compartment shaft the shaking structure, or tipple proper, is usually placed 
with its axis at right angles to the center line of the two compartments. The hoisting ropes 
may be either parallel to the axis of the tipple, in which case the head sheaves are parallel; or 
may be placed at right angles to the axis of the tipple, in which case the sheaves are placed in 
tandem. The coal may be run through rotary screens, or over shaking screens as is now the 
common practice. Shaking screens are usually divided into sections and are driven by eccentrics 
placed 180 degrees apart. The shaking screens do not ordinarily weigh more than two to three 
tons empty or four to six tons when loaded, but are driven with a velocity of 100 to 150 strokes 
per minute, with a leng^th of stroke of from 4 to 12 in. and the shaking motion makes it necessary 
to design the shaker structure with great care in order to reduce the vibration. The best modern 
practice in the design of coal tipples is to make the head frame and the tipple, or shaker structure, 
entirely separate and independent units. 

Sizing Coal. — The object in sizing coal is to separate the dirt and slack from the coal, and 
to obtain a product that can be burned more advantageously than unsized coal. A compact 
coal will not admit the air and will burn on the surface, and it is therefore an advantage to have 
the lumps of approximately equal size. The sizes and names of the different grades of coal differ 
considerably in different localities. 

Types of Coal Tipples. — Coal tipples may be classed under three types, depending upon the 
manner in which the coal is brought to the tipple; (i) hoisting in cages or skips from vertical or 
slightly inclined shafts; (2) cage hoisting on an incline either from a shaft, or on a bridge, or from a 
tunnel; (3) conveyor hoisting either from the mine or from a head bin into which the coal has 
been dumped from cars or skips. 

The design and operation of coal tipples will be illustrated by describing three steel coal 
tipples, (i) Steel Coal Tipple for the W. P. Rend Coal Company — vertical hoisting with self 
dumping cages and shaking screens; (2) Spring Valley No. 5 Steel Coal Tipple — vertical hoisting 
in cages, with Ramsey transfer and shaking screens; and (3) Phillip's Coal Tipple — vertical 
hoisting with self dumping cages dumping into a storage bin. 

Steel Coal Tipple for W. P. Rend Coal Company. — ^The steel coal tipple for thfe W. P. Rend 
Coal Company, Rendville, III., has the head frame covering four tracks, with provision for four 
extra tracks on the opposite side of the center line of the head frame. The steel head frame is 
79 ft. 6 in. from the collar of the shaft to the center of the sheaves. The sheaves are 8 ft. in 
diameter and carry a 1 1 in. hoisting cable. 
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EXAMPLES OF STEEL COAL TIPPLES. 4i}7 

Operation of Coal Tipple . — Detail plans of the shaking screens and tipple equipment are 
shown in Fig. 12. The coal is raised from the mine in self dumping cages and is dumped into two 
weigh hoppers having a capacity of four tons each. From the weigh hoppers the coal passes 
through a dump chute, and may be run directly into cars on the track or may be run over shaking 
screens. The first section of the shaking screens is 29 ft. 9 in. long, the top deck, having a length 
of 16 ft., has I in. round perforations; the middle, having a length of 18 ft., has 2 in. round perfora- 
tions, the bottom plate being solid. The upper deck of screens sloping toward the head frame 
has perforations 3I in. to 2 in. round; the second deck has perforations 2J in. to 3 in. round; the 
third plate deck has perforations i in. round, the bottom deck being solid. The coal passing 
over the 2 in. and 3 1 in. round perforations of the main screen may be run bark over the shaking 
screens just described, or may be run over the second shaking screen 27 ft. 4 in. long and 8 ft. wide. 
This shaking screen has a length of 8 ft. with perforations 6 in. in diameter. By making different 
combinations of the screens different grades of coal can be obtained, as is shown in Fig. 12. The 
shaking screens arc carried on rollers 12 in. in diameter, which are operated by eccentric connecting 
rods with a 12 in. stroke. These rollers give the shaking screens a motion in two directions and 
give much more satisfactory results than the earlier method of susi:>cnding the shaking screens 
from overhead supports. The capacity of the tipple is 2,500 tons in eight hours. 

The tipple was designed and constructed by the Wisconsin Bridge & Iron Company, and 
the tipple equipment was furnished by the Link-Belt Company. 

Steel Coal Tipple at Spring Valley Shaft No. 5. — The steel coal tipple constructed at Spring 
Valley shaft No. 5, Spring Valley, Illinois, is one of the best examples of steel tipple construction 
for bituminous mines. The steel tipple building is 187 ft. long, 36 ft. wide and 35 ft. from the 
track level to the level part of the main tipple floor. The steel head frame is 75 ft. and 85 ft. 
6 in. from the track level to the centers of the sheaves, respectively. The sheaves are 10 ft. in 
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Fig. 14. Steel Head Frame, Spring Valley Coal Tipple, Shaft No. 5. 






438 


STEEL HEAD FRAMES AND COAL TIPPLES. 


Chap. X.* 


diameter and are placed tandem with the hoisting rop)e, and at right angles to the axis of the 
main tipple building. The hoisting rope is crucible steel i| in. in diameter. The steel tipple 
building and head frame are covered with No. i& galvanized corrugated steel carried on steel 
purlins. Detail plans of the tipple structure are given in Fig. 13 and of the head frame in Fig. 14. 
The head frame and tipple building are fully braced and make a very rigid structure. The main 
track floor of the tipple is level over the first five panels on the left of the structure, the remainder 
of the floor having a pitch of 4 in. in 17 ft. The tipple floor is covered with 4 in. planking spiked 
to 4 in. nailing strips which are carried on I-beam joists. The weight of the structural steel, 
including the corrugated steel but not including tipple equipment, was 415,530 lb. 



Fig. 15. Plan of Tipple Tracks, Spring Valley N6. 5 Coal Tipple. 


Operation of Tipple,— The detail track plan is shown in Fig. 15; the operation of the Ramsey 
transfer is shown in Fig. 16, and the arrangement of the shaking bar screens is shown in Fig. 17. 
Two coal cars containing i J tons each are hoisted on the shaft cage. The loaded cars are pushed 
off the cage and two empty cars are pushed on the cage by means of a steam pusher, as shown in 
Fig. 16. From the cage platform the loaded cars run by gravity on a li per cent grade to the 
dumps, where the coal is dumped by Phillips automatic tipples or dumps. After dumping, the 
cars pass to the right by gravity on the 10 per cent descending grade and are stopped by a 2 per 
cent ascending grade and a short piece of track. The cars then return by gravity, and may either 
be switched to the outside tracks or run back on the transfer tracks. The empty cars are run on 
the platform of the Ramsey transfer and are raised by a steam cylinder a height of 4 ft. 7 in. to 
the level of the floor of the shaft cage, and are ready to be shoved on the cage by the steam pusher. 

The coal is dumped by the Phillips tipple dumps into one of two weigh hoppers 5 ft. wide, 
as shown in Fig. 17. After the coal is weighed it runs out of the weigh hopper on a converging 
chute having a slope of 30 degrees with the horizontal. From the converging chute the coal 
runs over shaking bar screens 6 ft. 6 in. wide, the bars being placed J in. apart. The fine coal 
passing through this screen runs over a f in. shaking bar screen and is chuted into the cars. The 
slack passing through the f in. bar screen is run directly into the cars. From the J in. shaking 
bar screen the lump coal passes through a converging chute and over a bar screen 5 ft. 6 in. wide 
with the bars spaced 5 in. apart, from which the lump coal is run into cars. It will be noted that 
five grades of coal are obtained: mine* run coal; lump coal passing over the 5 in. screen; coal passing 
the 5 in. screen and retained on a J in. screen; nut coal passing a J in. screen and retained on a I in. 
screen, and slack. 

The capacity of the coal tipple is from 1,800 to 2,000 tons per day. The tipple was designed 
by Mr. W. Morava, Consulting Engineer, Chicago, III., and was built by the American Bridge 
Company in 1900. 

Steel Coal Tipple for the Phillips Mine.— The steel coal tipple at the Phillips mine of the 
H. C. Frick Coke Company is an excellent example of a modern coal tipple for handling bituminous 
coal. Detail plans of the coal tipple arc shown in Fig. 18. The steel head frame is of the 4-p08t 
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Fig. i6. Ramsey Transfer, Spring Valley No. 5 Coal Tipple. 
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Fig. 17. Shaking Screens, Spring Valley No. 5 Coal Tipple. 
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type, and is 107 ft. from the collar of the shaft to the center of the sheaves. The main tower of 
the head frame has six posts made of 4 Z’s 3 in. X 2 H in. X i in. with one plate 6 in. X | in. The 
back braces consist of three columns having the same section as the main posts. The head frame 
is fully cross-braced with angle struts, as shown in Fig. 22. The batter of the main tower columns 
is I in. in 12 in., while the back brace makes an angle of 30 degrees with the vertical. The sheaves 
are 10 ft. in diameter and are supported on J-beams, resting at the end nearest the engine house 
on a built-up frame of angles and plates carried on two 15 in. I-beams, so as to make the necessary 
clearance for the sheaves. The roof trusses above the sheaves carry two I-beams, on the lower 
flanges of which are trolleys arranged for the attachment of chain blocks for placing and re- 
placing the sheaves. The shipping weight of structural steel, including the corrugated steel, was 
569,500 llx 

TABLE VI. 

Data on Stpel Coal Tipples. 




•3§ . 

si- 


•0 s 
O'l! 



X S 

X 

•slu; 

fc/3.5| 

X.2 

|x 

.Sf 

S oe 
> c« 


Rate of 
Hoisting. 

Ft. j Tons 
ix^r ! per 
Min. I Day. 


Phillips Coal Tipple, 
Pennsylvania 


Philadelphia & Read- 
ing, Gilberton 

Cardiff No. 2, Cardiff, 

III 

Spring Valiev No. 5, 
Spring Valley, III.. . 

Alberta Railway & Ir- 
rigation Co., Leth- 
bridge, Alta 

Rend Tipple, Rend- 
ville, 111 


107-0 lo-o if 


66-0 ^ 


lo-o if 

74- 3 I 

75- 0 1 1 

85-6 ^^1 


Self 

[dump- 4,000 

ing 

cages 

40,000 work- 
ing load each 
Cars compartment 


12-0 ij Cars 2,000 8,000 


Carbon Tipple, Car- 
bon, Montana. . . , 


79-6 8-0 if 


90-0 9-0 . 


R. F. C. Co. Tipple, 
Montana 


Gebo Tipple, Montana I ...... . Cars 


Weight of Struc- 
ture in Lb. 


569.500 . 


180,000 

4iS>530 


Head 

Frame 100,000 

Shaker 56,000 

355,400 Struc- 
tural steel 

16,800 Corru- 
gated steel 

171.200 Struc- 
tural steel 

31.300 Corru- 
gated steel 

117.200 Struc- 
tural steel 

10.300 Corru- 
gated steel 


The coal is hoisted in self-dumping cages which dump the coal into distributing chutes, in 
which it runs by gravity to the bins having a capacity of 800 tons. The coal, being all used for 
making coke, is not screened or weighed. 

The storage bins are built with a steel framework and are lined with J in. buckle plates on 
the sides, and have a | in. plate floor. The sides are supported by the 15 in. I-beams @ 42 lb., 
spaced 3 ft. 5i in. center to center. The inclined bottom framing consists of girders having 48 
in. X f in. web plates and flanges composed of two angles 6 in. X 6 in. X A in., and are tied together 
with ties consisting of two angles 8 in. X 8 in. X f in. and one plate 17 in. X i in. at the bottom, 
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and 15 in. I-beams @ 42 lb. at the top, the girders being spaced 3 ft. 5i in. center to center. The 
main side girders are composed of two I-beams 15 in. @ 42 lb., and one channel 15 in. @ 33 lb. 
The i in. plate floor is carried on 12 in. I-beams spaced about i ft. 6 in. centers. The steel plate 
floor is placed at a slope of 8 in. in 12 in., and it is stated that 95 per cent of the coal can be with- 
drawn from the bin. The bins discharge through vertical gates in the sides into motor-driven 
larries, which run to the coke ovens. The vertical gates are raised by rack and pinion and chain 
wheels. 

Data on ten steel coal tipples are given in Table VI. For additional examples and data on 
steel coal tipples, see the author’s ''The Design of Mine Structures." 


SPECIFICATIONS FOR STEEL HEAD FRAMES AND COAL TIPPLES, WASHERS 

AND BREAKERS. ♦ 

PART II. 

BY 

MILO S. KETCHUM. 

M. Am. Soc. C. E. 


1912 

GENERAL DESCRIPTION. 

198. Types of Structure. — The structure shall be of a type that will give maximum rigidity 
and strength. The structure shall be of a type in which the stresses can be calculated either by 
statics or by taking into account the deformations of the members. 

199. Bracing. — All bracing shall be stiff, and shall be riveted together at all intersections to 
give maximum rigidity. 

200. Proposes. — Contractors in submitting proposals shall furnish complete stress sheets, 
general plans of the proposed structures, giving sizes of material, and such detail plans as will 
clearly show the dimensions of the parts, modes of construction and sectional areas. 

201. Detail Plans. — The successful contractor shall furnish all working drawings required 
by the engineer free of cost. Working drawings will, as far as possible, be made on standard 
size sheets 24 in. X 36 in. out to out, 22 in. X 34 in. inside the inner border lines. 

202. Approval of Plans. — No work shall be commenced or materials ordered until the working 
drawings are approved in writing by the engineer. The contractor shall be responsible for dimen- 
sions and details on the working plans, and the approval of the detail plans by the engineer will 
not relieve the contractor of this responsibility. 

Loads. 

203. The structures shall be designed to carry the following loads without exceeding the 
permissible unit stresses. 

204. Dead Loads. — The dead loads shall consist of the weight of the head sheaves, sheaves, 
blocks and girders, the weight of the structure, and all concentrated machinery and equipment 
loads. 

205. Working Loads. — The working loads on head frames for vertical shafts shall be taken 
as equal to 

K 2 W + R (W + R)f (I) 

where K =» the working stress in lb. at the head sheave at the instant of picking up the load; 
W = the gross load of the cage or skip and the load of ore or coal in lb.; R — the weight of the 
rope from the head sheaves to the bottom of the shaft in lb.; and / = coefficient of friction of the 
rope, skip and sheaves, which may be taken at o.oi to 0.02 for vertical shafts and 0.02 to 0.04 for 
inclined shafts with ropes supported on rollers. 

206. For inclined shafts the working load shall be taken as 

K' (2W+ R) sin f{W -f R) cos (2) 

where $ — the angle of inclination of the shaft with the horizontal. 

• From Specifications for Steel Mine Structures as printed in the author’s "The Design of 
Mine Structures.” Part I is ’’Specifications for Steel Frame Bnildings” as printed in Chapter 1. 
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207. Breaking Load. — ^The head frame shall be designed for a load in one or all of the hoisting 
ropes equal to the breaking stress of the hoisting rope as given in the manufacturer’s catalog. 

208. Machinery Loads, — The stresses due to machinery, crushers, tipple equipment, etc., 
shall be considered the same as the stresses due the working or live load. 

209. Wind Loads. — Where the head frame or tipple is enclosed the wind load shall be assumed 
as 30 lb. per sq. ft. of exp>osed surface acting horizontally. Where the framework is open the 
wind load shall be taken as 50 lb. per sq. ft. acting on the projection of the members of the head 
frame or tipple. In calculating the stresses due to wind, the wind loads may be assumed as 
applied at the joints of the structure. Where one side of the structure is open so that a deep cup 
or pocket is formed the wind load shall be taken as not less than 60 lb. per sq. ft. on the projection 
of the cup-like surface. 

210 . Snow Loads. — Snow loads shall be taken the same as for steel frame buildings. 

Allowable Unit Stresses. 

21 1. Steel head frames, coal tipples, coal washers and breakers, and similar structures shall 
be designed for the following allowable stresses. 

212. Dead Load Stresses. — The allowable unit stresses for dead loads shall be the same as 
for steel frame buildings given in “Specifications for Steel Frame Buildings.” Snow loads shall 
be considered as dead loads. 

213. Working Load Stresses. — The allowable unit stresses for working loads shall be one-half 
the allowable unit stresses for dead load stresses as given in “Specifications for Steel Frame 
Buildings.” 

214. Bins. — Bins shall be designed for two thirds the allowable unit stresses for dead load 
stresses as given in “ Specifications for Steel Frame Buildings.” 

215. Breaking Load Stresses.— The allowable unit stresses for the maximum stresses due 
to breaking one or all the hoisting ropes shall be equal to the allowable unit stresses for dead load 
stresses, plus 50 per cent, equal to three times the allowable unit stresses for working loads. The 
breaking loads and working loads for any shaft compartment or machine need not be assumed 
as acting together. 

216. Machinery Load Stresses. — The allowable unit stresses for the maximum stresses due 
to machinery and moving loads shall be the same as the allowable unit stresses for working loads, 
equal to one half the allowable unit stresses for dead load stresses. 

217. Wind Load Stresses. — The allowable unit stresses when the wind load stress is com- 
bined with the dead load stress plus twice the working load and machinery load stresses shall not 
exceed the allowable unit stresses for dead loads by more than 25 per cent. If the sum of the 
wind load unit stress, the dead load unit stress, and twice the working load and machinery load 
unit stresses exceed the allowable unit stress for dead leads by more than 25 per cent the area of 
the section shall be increased to reduce the actual stresses to within the prescribed limit. Wind 
load stresses need not be combined with breaking load stresses. 

218. Reversal of Stress. — Members subject to a reversal of stress due to a combination of 
dead load stresses and working load stresses shall be designed to take both tension and com- 
pression, each stress being increased by one half the smaller of the two stresses. Members subject 
to a reversal of stress due to wind stress combined with dead load stresses and working load 
stresses, or breaking load stresses combined with dead load stresses shall be designed to carry 
both stresses. 


Equipment. 

210. Skips and Cages. — Skips and cages shall be made of structural steel, as shown on the 
detail drawings. They shall be provided with guide shoes and safety devices. For inclined 
shafts the wheels shall have phosphor bronze bushings. 

220. Safety Detaching Hooks. — All skips and cages shall be provided with effective detaching 
hooks. The case shall be designed to take the stress due to a loaded cage or skip dropping a 
vertical distance of two feet. 

221. Bin Gates. — Unless otherwise specified all bin gates shall be of the undercut type. 
All gates shall be equipped with operating mechanism so that they can be opened in service by 
one man. 

222. Screens. — Fixed screens shall be made of bars as shown on the drawings and shall be 
supported so that the bars will not be permanently deflected under the load. The screen bars 
shall be placed at an angle so that they will screen the ore or coal without choking up. 

223. Shaking screens shall be carried on rollers and be driven by eccentric connecting bars. 
They shall be placed at proper slopes, and shall be provided with all necessary gates. Unless 
otherwise specified the screens shall be made of structural steel. 

224. Rotary screens shall be made of structural and machinery steel, and shall perform the 
work required by the specifications. 
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225. Coal Tipples or Dumps. — Coal tipples or dumps shall be provided as shown on the detail 
plans or called for in the specincations. 

226. Dumping Devices. — Where self-dumping skips or cages are used an efficient and satis- 
factory dumping device shall be provided. 

227. Head Sheaves. — The head sheaves shall be substantial with the top flanges turned 
smooth and true to receive the hoisting rope. The sheave wheel shaft shall be of the best grade 
of machinery steel of ample strength, carefully and truly made. The sheave boxes shall be lined 
with the best quality of anti-friction metal and shall be adjustable to take up the wear. Unless 
otherwise specified the sheave wheels shall have wrought iron spokes. 

228. Landing Stage. — An efficient landing device shall be furnished. 

Details of Construction. 

229. Unless otherwise provided for the details of construction are to be the same as for 
steel frame buildings. 

230. Design. — In designing head frames, coal tipples, coal washers and breakers and similar 
structures care shall be used to strongly brace the different parts of the structure in order that it 
may be rigid. Preference shall be given to types of structures that arc statically determinate. 
Where 4-post head frames and other statically indeterminate structures are used the stresses shall 
be calculated by taking account of the deformation and distortions of the members.* All bracing 
is to be made of stiff members; the use of rods or bars will not be permitted, except for sag rods 
and anchors. It is very important that head frames, coal tipples, coal washers and breakers and 
similar structures be made very rigid. 

231. Lengths of Compression Members. — The length of compression members in head 
frames and shaker structures shall not exceed 100 times the least radius of gyration for main 
members nor 140 times the least radius of gyration for secondary bracing. 

232. Lengths of Tension Members. — The length of tension members in head frames shall 
not exceed 150 times the least radius of gyration for main members, nor 200 times the least radius 
of gyration for secondary bracing. The length of a tension member is to be taken as the distance 
center to center of end connections. 

233. Splices. — All splices in main members shall be designed to carry the full strength of 
the member. 

234. Reaming. — The rivet holes for all field splices shall be punched to a diameter A in. less 
than the finished hole and shall be reamed to the required size with the memlx^rs bolted in place 
with an iron templet. All metal more than | in. thick shall be punched and reamed, or be drilled 
from the solid. 

235. Minimum Thickness of Metal. — The minimum thickness of metal in plates and sections 
shall be A in., except for fillers. 

236. Erection. — All field connections shall be riveted. Before the riveting is begun all field 
connections shall be fully drawn up with field bolts, in not less than one-half the holes of each 
joint. 

237. Materials and Workmanship.— All materials and workmanship shall comply with the 
Sf)ecifications for Steel Frame Buildings unless otherwise specified. 

238. Painting. — All steel work shall receive one coat of satisfactory graphite or carbon paint 
at the shop. Before erecting all abraded spots shall be touched up, and all rivet heads shall be 
painted as soon as accepted by the inspector. After the erection is complete all structural steel 
work shall be given two coats of satisfactory graphite or carbon paint. The three coats of paint 
shall be of different colors. 

REFERENCES. — For additional data for the design of head frames, rock houses, coal tipples 
and other mine structures, and for numerous examples of structures, see the author’s ‘‘The 
Design of Mine Structures.” This book gives the calculation of stresses in head frames, and also 
gives a full discussion of the details of design of mine structures, including specifications, methods 
of construction and costs. 

* For the calculation of the stresses in mine structures, see the author’s ‘‘The Design of Mine 
Structures.” 




CHAPTER XI. 

Steel Stand-Pipes and Elevated Tanks on Towers. 


DATA FOR DESIGN. — The following data will be of assistance in the design of steel 
stand-pipes and elevated tanks on towers. For definitions of stand-pipes and elevated tanks 
on towers, see the specifications in the latter part of this chapter. 

Notation: — 

h = distance in ft. of any point below the top of the stand-pipe or elevated tank; 
d = diameter of the stand-pipe or elevated tank in feet; 
r « radius of the stand-pipe or elevated tank in feet; 
i — thickness of the shell in inches at any given point; 
p — hydrostatic pressure in lb. per sq. in. at any point »= 0.434^; 

S = stress per vertical lineal inch of stand-pipe; 

5 = unit stress in lb. per sq. in. in vertical section of stand-pipe; 

S' = stress per horizontal lineal inch of stand-pipe; 

s' == unit stress in lb. per sq. in. in horizontal section of stand-pipe; 

S" — stress per lineal inch along a circumferential line, due to wind; 
s" = unit stress in lb. per sq. in. in circumferential line, due to wind. 

Formulas for Stresses in Stand-Pipes. — The stress per lineal vertical inch of stand-pipe is 


The stress per sq. in. is 


62 .sh-d 

2 X 12 


2.6h'd 


s = 2.6h-dlt 


(1) 

(2) 


The stress per horizontal lineal inch of stand-pipe due to the weight of stand-pipe IF, is 


The stress pier sq. in. is 


S' = Wl{l2ir-d) = 0.026W/d 
s' = o.026WI{d-t) 


(3) 

( 4 ) 


For ordinary conditions the wind pressure is taken at 30 lb. per sq. ft. acting on two-thirds 
of the surface, or 20 lb. per sq. ft. on the entire surface; while for exposed positions the wind pressure 
may need to be taken as high as 45 lb. per sq. ft. acting on two-thirds of the surface, or 30 lb. 
per sq. ft. on the entire surface. Recent Prussian specifications require that circular chimneys 
be designed for two-thirds of 25 lb. per sq. ft. At 30 lb. per sq. ft. acting on two-thirds of the 
surface (20 lb. per sq. ft.) the bending moment at any distance h below the top, due to wind is 

Af = 20 X d-h X h X 12/2 = I20d-A* (5) 

where M is in in.-lb. 

The stress in the extreme fiber of the shell is 


5 " = M^yll ( 6 ) 

Now y » i2r, I « - fi^) « (approx.— r is in ft.* and t in in.) - (in in.*). 

Substituting y and I in (6) 

,, I20d*^*ri2 

- i.o6hV(hd) 
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(7) 
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The stress per lineal inch will be 

5" = I.06AV4 (8) 

If the allowable stress in the net section of the plate is 12,000 lb. per sq. in., and e = efficiency 
of joint, then from (2) 

t = 2.6/* -d/C 1 2,000 X e) (9) 

where values of e for different conditions are given in Table I la. 

Formulas for Stresses in Elevated Steel Tanks.~The stress per lineal vertical inch of plate 
is the same as in stand-pipes 

5 = 2.6h‘d (i) 

and the unit stress in vertical joints is 

s = 2 . 6 h'dlt (2) 

Stresses on Radial Joints. — Spherical Bottoms. — In a hemispherical bottom the radial 
stress per sq. in., Ti, will be one-half the stresses in a cylinder of the same radius and the same 
internal pressure. 

Ti = 2.6h-d!{2t) = 2.Gh'rlt (10) 

In a segmental bottom (b) Fig. i, the stress Ti will be 


• — 11^‘c sc ^ ir>rsc^g 

^ ” 2 X "" 247r-rr/ 

Now W = 62.5/1 -T- 6* = 62 . 5 /*-TTi*-sin 2 ^, and 

^ 2.6h-nlt (12) 

which reduces to equation (lo) for a hemispherical bottom when ri = r. 



(s) Conical Bottom 



(b) Segmental Bottom 


Fig. I. 
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Stresses on Radial Joints. 
Ti" will be from (a) Fig. i, 

Now 

and 


Conical Bottoms. — In a conical bottom the stress per sq. in. 
W-csc $ 


Ti" = 


2ri-7r- 12/ 


(13) 


W = 62.5/p-ir-ri*, 

f __ 62 . 5 fe- 7 r-ri^‘CSC d 
24 ri*ir-/ 

= 2.6Ati*csc dit 


(14) 

(15) 


Stresses on Circumferential Joints. Conical Bottoms. — In (a) Fig. i, pass two horizontal 
planes through the cone so that the intercept along the cone will be a unit in length. The tapered 
ring cut away has a pressure of p' lb. per lineal inch. This pressure p' may be resolved into a 
pressure along the element of the cone, pi — />' cot d, and a horizontal pressure, pt — P' esc 0 , 
The stress in circumferential joint will be 

Ta" = r2/>2*ri// = i2/>'-ri -esc ^// 

= 12 X o.434/z-ri-csc ^// 

= 5.2/fri-csc 0// (16) 

which is twice the stresses in the radial joints. 

Stresses in Circumferential Joints. — Spherical Bottoms. — The radial unit stress in a hemi- 
spherical bottom is given bye(iu<ilion (12). Now in a segment of a spherical shell the curvature 
is the same in all directions, and the unit stress on a circumferential joint wall be the same as on 
a radial joint, and 

Ti = T2 = 2 . 6 h^rilt ( 17 ) 

Connection Between Side and Bottom Plates. — With a conical bottom the inclined pull per 
lineal inch at the bottom of the circular lank will be from (15) 

T/" = 2.6/i-r CSC' 0. (18) 


The compressive stress in the horizontal ring will be due to the horizontal components of the 
inclined stresses and will be 

P' = r/" cos 0 r X 12 


= 3 1. 2/t-r*- cot 0 (19) 

There arc no inclined or compressive stresses in a hemispherical bottom unless the circular 
shell and the hemispherical bottom arc joined by an elliptical segment. If the radius ,of the 
circular tank divided by the radius of the segment = 2, there will be no secondary stresses (see 
‘‘Stresses in Tank Bottoms,” by Professor A. N. Talbot, The Technograph No. 16, p. 139). 

Stresses in a Circular Girder. — The circular girder supports the weight of the tank, the 
contents of the tank, and its own weight. The load is uniformly distributed along the girder. 
The girder rests on or is supported by four or more columns, and transmits its load to them. 

Let W = total load on girder in lb.; 
r = radius of girder in in.; 
n ~ number of posts; 

a = 2irln = angle at center subtended by radii through two consecutive F>osts; 

Of' = angle subtended at center by any arc; 

M ~ direct bending moment in the girder at any point in in. -lb.; 

T = torsional bending moment in girder at any point in in. -lb.; 

5 = shear in girder at any point in lb.; 

Pa = Ph, etc., = reactions of columns in lb. 

30 
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Now in the author’s “ Design of Walls, Bins and Grain Elevators” it is proved that the 

bending moment at the supports is 

.. W'r(\ I .. 

My- I cot - I (20) 

n \a 2 2/ 

and the maximum moment midway between the posts is 


TT/ / 2 sin*- 

ir ir • « 4 

Mi = Ml -cos- i 1 sin - — — 

2 2n \ 2 a 


(21) 


The torsional moment is zero at the supports and midway between the columns, and is a 
maximum at the points of zero bending moment at points between the columns. 

The torsional moment is 

^ , W'f . , W-a rf sina'X , . 

Th = Ml ‘Sin a ^ ^ 4 — \ ? — / 

Values of M and T are given in Table la. 


TABLE la. 

Stresses in Circular Girders. 


No. of 
Poets. 

Load on 
Poet, Lb. 

Max. Shear, 
Lb. 

Bending Moment 
at Poets, In-lb. 

Bending Moment 
Midway Between 
Poets, In-lb. 

Angular Distance 
from Post to Point 
of Max. Torsion. 

Max. Torsional 
Moment, In-lb. 

4 


W’i- 8 

-o.034i5;F-r 

+0.01762 /Ft 

19® 12' 

0 

8 

Ln 

6 

/r-r 6 

W ^12 

— o.oi482^t 

-f 0.0075 1 fV* r 

12 44 

0.00151 /Ft 

8 


W -r 16 

-“0.oo827^*f 

+0.004 16 /Ft 

9 33 

0.00063 /Ft 

12 

W -^12 

^- 5-24 

—0.003 65 

+0.00190/FT 

6 21 

0.000185/FT 


Stresses in Columns. — ^The stresses in the columns will be due to the dead load and to the 
wind moment. The vertical components of the dead load stress will be equal to W divided by 
the number of columns, where W is the total weight of tank and the water. To calculate the 
stresses due to wind moment in the columns proceed as follows: Calculate the wind force by 
multiplying the exposed surface by the wind pressure, and assume the wind force as acting through 
the center of gravity of the exposed surface. The pressure on circular tanks may be taken at 
two-thirds of 30 lb. per sq. ft. of the surface at right angles to the direction of the wind. To 
calculate the stresses in the columns at any point pass a horizontal section through the columns 
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as in Fig. 3. Then the maximum vertical stress in column i will occur on the leeward side when 
the wind is blowing in the direction i-i. If M is the wind moment about the axis A-B, the 
moment of the stresses in the column about axis A-B will be equal to M, In a tower with 8 
columns as in Fig. 3 we have (stress i) X 2r -f (stress 2) X 4r*cos 45® = M, 

But Stress I is to Stress 2 as r is to fcos 45®; and Stress i (2r -f 2r) «= Af. Stress I * Ml^r^ 
and Stress 2 = o.yMI^r. In a 6 column tower the stress in the most remote post is M/y and 
in each of the others is i M/y. In a 4 column tower the stress in each column is Ml 2 r, If the 
columns are vertical the maximum stresses will occur at the foot of the columns; if the columns 
are inclined the stress should be calculated at both the top and the bottom. The maximum 
stresses will be the sum of the dead and wind load stresses. 

Having calculated the vertical components of the stresses in the columns, the stress in the 
column will be equal to the vertical component multiplied by the secant of the angle between the 
column and a vertical line. 


A 

13 



3 

Fig. 3. 


If the upward pull of the columns on the windward side is greater than the dead load when 
the tank is empty the column must be anchored down. The masonry footing should have a 
weight equal to at least one and one-half times the resultant upward pull. 

DETAILS OF STEEL TANKS. — The standard plans in Fig. 10 and Fig. ii and the Jack- 
son, Minn., tank in Fig. 6, show the plates in alternate courses of different diameters, while the 
standard details of the Chicago Bridge and Iron Co. in Fig. 8 shows the plates telescoped with 
the edge of the plate for caulking on the inside so that it may be caulked from above. The stand- 
ard specifications given in the last part of this chapter, also the specifications of the American 
Railway Engineering Association in the last part of this chapter both require that the plates in 
alternate courses be of different diameters as shown in Fig. 10, Fig. ii, and Fig. 6. 

Hemispherical or segmental bottoms are now quite generally used, the conical bottom being 
rarely used on account of the difficulty in making a satisfactory connection to the tank cylinder. 
Spherical tank bottoms are used to a limited extent. 

The standard details of the Chicago Bridge and Iron Co. for circular water tanks and hemis- 
pherical bottoms are given in Fig. 8, and the standard column details are shown in Fig. 9. 

The properties for water tight joints together with shearing and bearing values of rivets are 
given in Table Ha. Standard plans for a 95,000 gallon tank on a 100 ft. tower are given in Fig. 10; 
while standard plans for a stand-pipe 20 ft. in diameter and 90 ft. high are given in Fig. ii. Table 
Ila and Fig. 10 and Fig. ii were prepared by Mr. C W. Birch-Nord to accompany the standard 
specifications printed in Trans. Am. Soc. C. E., Vol 64, and partially reprinted in this chapter. 
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TABLE Ila. 

Properties of Watertight Joints. 



27ote: The distances between rivets at caulked edges shall never exceed 10 times the thickness of plates 
or straps. The thickness of eaclLStrap for butt Joints shall never be lebs than half the thickness of 
the plates plus Inch. 


SHEARING AND BEARING VALUE OF RIVETS. 
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Fig. 5. Elevated Tank and Tower, Jackson, Minn. 
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Fig. 6. Elevated Tank and Tower, Jackson, Minn. 
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Detail of 
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Fio. 7. EtEVATED Tank and Towek, Jackson, Minn. 
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DETAILS OF STEEL TOWERS. — Steel towers are commonly made with four columns, 
although eight or twelve columns are sometimes used for large elevated tanks. The columns of 
towers are commonly made of two channels, laced top and bottom; of two channels with top 
cover plate and bottom lacing; of a built H section made of plates and angles, or a rolled H section. 
Z-bars are now very difficult to obtain and the Z-bar column should not be used. The struts 
are made of built channels, or of angles, or of plates and angles. The diagonal bracing is commonly 
made of rods with adjustable clevises opturnbucklcs. 

EXAMPLES OF STEEL STAND-PIPES AND ELEVATED TANKS ON TOWERS.— The 


design of steel stand-pipes and elevated tanks on towers will be illustrated by describing several 
typical examples. 
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Fig. 8. Details of Tank and Hemispherical Bottom. Chicago Bridge & Iron Co. 


Railway Water Tanks. — Four typical examples of steel water tanks are shown in Fig. 4; the 
50,000 gallon railway water tank in (a) Fig. 4 was designed by the American Bridge Company; 
the 65,000 gallon water tank in (6) is a standard tank on the Harriman Lines; the 50,000 gallon 
tank in (c) was designed by the C. B. & Q. R. R.; while {d) is a typical stand-pipe. 

Elevated Tank and Tower for Jackson, Minn. — Details of the steel elevated tank and tower 
designed by Mr. L. P. Wolff, Consulting Engineer, St. Paul, Minn., for Jackson, Minn., are shown 
Fig. 5, Fig. 6, and Fig. 7. A general plan and details of the foundations and the roof are shown 
Fig. 5. Details of the riveting of the tank plates; details of the columns, and details of the 
frost proofing are shown in Fig. 6. Details of the circular girder, and the connections of the 
columns are shown in Fig. 7. The tank has a hemispherical bottom with a conical sub-bottom. 
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Details of Column Connections for Elevated Tank and Tower. 
Chicago Bridge & Iron Co. 
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The details work out very satisfactorily. Mr. Wolff has designed a number of elevated tanks 
and towers following the standard details in the Jackson tank. The details of construction are 
shown bv the drawings. 



STAN[>-PIPE 
20 FT. IN DIAMETER 
90 FT.HIGH 


Qenoral Notes s 
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Fig. II. Standard Plan of Stand-Pipe, by C. W. Birch-Nord. 
(Trans. Am. Soc. C. E., Vol. 64, 1909.) 


SPECIFICATIONS. — The details of design of steel stand-pipes and elevated tanks on 
towers are given in the specifications prepared by Mr. C. W. Birch-Nord and the specifications 
of the American Railway Engineering Association. Both of these specifications are printed in 
the last part of this chapter. 






GENERAL SPECIFICATIONS FOR ELEVATED STEEL TANKS ON TOWERS, AND 

FOR STAND-PIPES.* 

Part I. Design of Elevated Steel Tanks on Towers. 


Definition. — i. An elevated tank is a vessel placed on a tower in order to furnish a certain 
required pressure head. The tank is filled through a riser or inlet pipe. 

2. Elevated tanks are mostly used in connection with pumping stations, or are connected 
directly to Artesian wells, in order to store water under pressure. 

3. As practically all tanks are cylindrical, this specification will only have reference to those 
of that shai)e. 

Loads. — 4. The dead load shall consist of the weight of the structural and ornamental steel- 
work, platforms, roof construction, piping, etc. 

5. The live load shall be the contents of the tank, the movable load on the platforms and 
roof, and the wind pressure. 

6. The live load on the platforms and roof shall be assumed at 30 lb. per sq. ft., or a 200-lb. 
concentrated load applied at any point. 

7. The wind pressure shall be assumed at 30 lb. per sq. ft., acting in any direction. The 
surfaces of cylindrical tanks exposed to the wind shall be calculated at two-thirds of the diameter 
multiplied by the height. Similar assumptions may also be made for spherical and conical surfaces 
by using the correct heights. 

8. The live load on platforms and roof shall not be considered as acting together with the 
wind pressure. 

Unit Stresses. — 9. All parts of the structure shall be proportioned so that the sum of the dead 
and live loads shall not cause the stresses to exceed those given in Table I. 


TABLE I. 

Tension in tank plates 12,000 lb. per sq. in. of net area. 

Tension in other part of structure 16,000 lb. per sq. in. of net area. 

Compression 16,000 lb. per sq. in. reduced. 

Shear on shop rivets and pins 12,000 lb. per sq. in. 

Shear on field rivets (tank rivets) and bolts 9,000 lb. per scj. in. 

Shear in plates 10,000 lb. per sq. in. of gross area. 

Bearing pressure on shop rivets and pins 24,000 lb. per sq. in. 

Bearing pressure on field rivets (tank rivets) 18,000 lb. per sq. in. 

Fiber strain in pins 24,000 lb. per sq. in. 

10. For compression members, the permissible unit stress of 16,000 lb. shall be reduced by the 
formula; 

p - 16,000 — 70 //r, 


where p = permissible working stress in compression, in lb. per sq. in.: 

/ = length of member, from center to center of connections, in inches; 
r = least radius of gyration of section, in inches. 

The ratio, //r, shall never exceed 120 for main members and 180 for struts and roof construc- 
tion members. 

11. Stresses due to wind may be neglected if they arc less than 25 per cent of the combined 
dead and live loads. 

12. Unit stresses in bracing and other members taking wind stresses may be increased to 
20,000 lb. per sq. in., except as shown in Section ii. 

13. The pressures given in Table II will be permissible on bearing plates. 


TABLE II. 


Brickwork with cement mortar 200 lb. per sq. in. 

Portland cement concrete 350 lb. per sq. in. 

First-class sandstone 400 lb. per sq. in. 

First-class limestone 500 lb. per sq. in. 

First-class granite 600 lb. per sq. in. 


* Condensed from Specifications by C. W. Birch-Nord, Assoc. M. Am. Sk)c. C. E., Trans. 
Am. Soc. C. E., Vol. 64, pp. 548 to 563. The preliminary statement and the specifications for the 
foundations have been omitted. These specifications have been adopted by the American Bridge 
Company. 
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Details of Construction. — 14. The plates forming the sides of cylindrical tanks shall be of 
different diameters, so that the courses shall lap over each other, inside and outside, alternately. 

15. The joints for the horizontal seams, and for the radial seams in spherical bottoms, shall 
preferably be lap joints. 

16. For vertical seams double-riveted lap joints shall be used for i, A. and i in. plates. Triple 
lap joints shall be used for 3V and i in. plates; double- riveted butt joints shall be used for f, 
H and J in. plates; and triple- riveted butt joints for i* H and i in. plates. 

17. Rivets I in. in diameter shall be used for J in. plates; rivets f in. in diameter shall be 
used for A ia. plates; rivets J in. in diameter shall be used for i to J in. plates, inclusive. Rivets 
I in. in diameter shall be used for in. and i in. plates. 

Rivets shall be spaced so as to make the most economical seams (70 to 75 per cent efficiency). 
A table of riveted joints is given in Table I la. 

18. In no case shall the spacing between rivets along the caulked edges of plates be more 
than ten times the thickness of the plates. All rivets shall be entered from the inside of the 
tank, and shall be driven from the outside, that is, new heads on rivets shall always be formed from 
the opposite side of the plate on which the caulking is done. 

19. Plates I in. thick, and not more than J in. thick, shall be sub-punched with a punch 3^ in. 
smaller in diameter than the nominal size of the rivets, and shall be reamed to a finished diameter 
not more than in. larger than the rivet. Plates thicker than J in. shall be drilled. 

20. The minimum thickness of the plates for the cylindrical part shall be i in. The thick- 
ness of the plates in spherical bottoms shall never be less than that of the lower course in the 
cylindrical part of the tank. 

21. The facilities at the plant where the material is to be fabricated will be investigated 
before the material is ordered. 

22. All plates shall be sheared or planed to a proper bevel along the edges for caulking. 

23. All plates shall be caulked along the beveled edges from the inside of the tank, and with a 
round-nosed tool. The use of foreign material for caulking, such as lead, copper, filings, cement, 
etc., will not be permitted. 

24. The plates in tanks for the storage of oil shall be beveled on both sides for outside and 
inside caulking. 

25. The radial sections of spherical bottoms shall be made in multiples of the number of 
columns supporting the tank, and shall be reinforced at the lower parts, where holes are made 
for piping. 

26. When the center of the spherical bottom is above the point of connection with the cylin- 
drical part of the tank, thefe shall be provided a girder at said point of connection to take the hori- 
zontal thrust. The horizontal girder may be made in connection with a balcony. This also 
applies where the tank is supported by inclined columns. 

27. The balcony around the tank shall be 3 ft. wide, and shall have a floor-plate } in. thick, 
which shall be punched for drainage. The balcony shall be provided with a suitable railing, 
3 ft. 6 in. high. 

28. The upper parts of spherical bottom plates shall always be connected on the inside of the 
cylindrical section of the tank. 

29. In order to avoid eccentric loading on the tower columns, and local stresses in spherical 
bottoms, the connections between the columns and the sides of the tank shall be made in such a 
manner that the center of gravity of the column section intersects the center of connection between 
the spherical bottom and the sides of the tank. Enough rivets shall be provided above this inter- 
section to transmit the total column load. 

30. If the tank is supported on columns riveted directly to the sides, additional material shall 
be provided in the tank plates riveted directly to the columns to take the shear. The shear may 
be taken by providing thicker tank plates, or by reinforcement plates at the column connections, 
while bending moments shall be taken by upper and lower flange angles. Connections to columns 
shall be made in such a manner that the efficiency of the tank plates shall not be less than that 
of the vertical seams. 

31. For high towers, the columns shall have a batter of i to 12. The height of the tower 
shall be the distance from the top of the masonry to the connection of the spherical bottom, or 
the flat bottom, with the cylindrical part of the tank. 

32. Near the top of the tank there shall be provided one Z-bar to act as a support for the 
painter’s trolley, and for stiffening the tank. Its section modulus shall not be less than DV250, 
where D is the diameter of the tank in feet. If the upper part of the tank is thoroughly held by 
thereof construction, this may be reduced. 

33. On large tanks, circular stiffening angles shall be provided in order to prevent the plates 
from buckling during wind storms. The distance between the angles shall be determined by the 
formula: 

d « 900 filD, 
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where d * approximate distance between angles, in feet; 
t ~ tnickness of tank plates, in inches; 

D = diameter of tank, in feet. 

34. The top of the tank will generally be covered with a conical roof of thin plates; and the 
pitch shall be i to 6. For tanks up to 22 ft. in diameter, the roof plates will be assumed to be 
self-supporting. If the diameter of the tank exceeds 22 ft., angle rafters shall be used to support 
the roof plates, which are generally J in. thick. 

Plates of the following thicknesses will be assumed to be self-supporting for various diameters: 

^ in. plate, up to a diameter of 18 ft. 

I in. plate, up to a diameter of 20 ft. 

^ in. plate, up to a diameter of 22 ft. ^ ^ 

Rivets in the roof plates shall be from i to A in. in diameter, and shall be driven cold. These 
rivets need not be headed with a button set. 

35. A trap-door, 2 ft. square, shall be provided in the roof plate. Near the top of the higher 
tanks, there shall be a platform with a railing, for the safety of the men operating the trap-door. 

36. There shall be an ornamental finial at the top of the roof. 

37. There shall be a ladder, i ft. 3 in. wide, extending from a point about 8 ft. above the 

foundation to the top of the tank, and also one on the inside of the tank. Each ladder shaP be 

made of two 2j by i in. bars with J in. round rungs i ft. apart. On large, high tanks, 30 fl. or 

more in diameter, a walk shall be provided from the column nearest the ladder to the expansion 
joint on the riser or inlet pipe. 

38. In designing a tank, a height of 6 in. shall be added to the required height of the tank 
if an overflow pipe is not specified by the owner. 

39. Each elevated tank shall be furnished with a riser or inlet pipe, the size of which shall be 
determined by the rate at which the tank must be filled. The size of the riser pipe will be speci- 
fied by the owner. The outlet pipe, in most cases, is not required, as the riser or inlet pipe will 
serve the same purpose, but it shall be furnished if demanded by the owner. 

40. All pipes entering the tank shall have cast-iron expansion joints with rubber packing, and 
facilities for tightening such joints. The expansion joint, generally, shall be fastened to the 
bottom of the tank with bolts having lead washers. The tank plates shall be reinforced where the 
pipes enter the tank. 

41. All pipes entering the tank shall be thoroughly braced laterally with adjustable diagonal 
bracing at the panel points of the tower. 

42. The diagonal bracing in the tower shall preferably be adjustable, and shall be calculated 
for an initial stress of 3,000 lb. in addition to wind stresses, etc. 

43. The size and number of the anchor-bolts in the tower shall be determined by the maxi- 
mum uplift when the tank is empty. The anchor-bolts in the tower, where the maximum uplift 
is greater than 10,000 lb., shall be fastened directly to the columns with bent plates or similar 
details. In all other cases it will be sufficient to connect the anchor-bolts directly to the base- 
plates. 

The tension in anchor-bolts shall not exceed 15,000 lb. per sq. in. of net area. The minimum 
section shall be limited to a diameter of 1} in. The details shall be made so that the anchor- 
bolts will develop their full strength, and, at the lower end, they shall be furnished with an anchor- 
plate, not less than J in. thick, to assure good anchorage to the foundation without depending on 
the adhesion between the concrete and the steel. 

44. The concrete foundation shall be assumed to have a weight of 140 lb. per cu. ft., and 
shall be sufficient in quantity to take the uplift, with a factor of safety of ij. 

45. Three-ply frost-proof casing shall be provided, if necessary, around the pip)cs leading to 
and from the tank. This casing shall be comp>osed of two layers of } by 2} in. dressed lumber, 
and each layer shall be covered with tar paper or tarred felt, and one outside layer of { by 2i in. 
dressed and matched flooring. The lumber shall be in lengths of about 12 ft. There shall be a 
I in. air space between the layers of lumber, and wooden rings or separators shall be nailed to 
them every 3 ft. (In very cold climates it is good practice to fill the space between the pipes and 
the first layer of lumber with hay or similar material.) The frost casing may be square or cylin- 
drical; it shall be braced to the tower with adjustable diagonal bracing, as described for pipes in 
Section 41. 

46. All detailed drawings shall be subject to the owner’s approval before work is commenced. 

, 47. For materials, workmanship, inspection, painting, and testing, see Part III; for founda- 

tions, see Part IV. 


Part II. Design of Stand-Pipes. 

Definition. — i. A stand-pipe is a tank, generally cylindrical, used for the storage of water, 
oil, etc. Its height, in most cases, is considerably greater than its diameter; it has a flat bottom, 
and rests directly on its foundation. 
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2. Stand-pipes are economical only in special cases: where their capacity is more important 
than pressure, or where local conditions are such that an elevated tank is not required. 

3. Stand-pipes for the storage of oil are an exception. These are generally of very large 
diameter, while the height may not exceed 40 ft.; they are usually referred to as tanks. 

4. Stand-pipes are filled and emptied through pipes connected with their sides or bottom, 
and are provided with manholes for cleaning purposes. 

5. In cold climates roofs are generally omitted on stand-pipes used for water supply, on 
account of the formation of ice. In warmer climates there may be roofs in order to prevent the 
water from becoming a breeding place for mosquitos, flies, etc. Stand-pipes used for the storage 
of oil or other flukis from which rain-water is to be excluded should always be roofed. 

Loads. — 6. The dead load shall consist of the weight of structural and ornamental steel work, 
and the roof construction, if any. 

7. The live load shall be the contents of the stand-pipe, the movable load on the eventual 
roof, and the wind pressure. 

8. The eventual live load on the roof shall be assumed at 30 lb. per sq. ft., or a 200 lb. con- 
centrated load applied at any point. 

9. The wind pressure shall be assumed at 30 lb. per sq. ft. acting in any direction. The 
surfaces of cylindrical stjfnd-pi[Xis exposed to the wind shall be calculated at two-thirds of the 
diameter multiplied by the height. 

10. The eventual live load on the roof, if the stand-pipe is roofed, shall not be considered as 
acting together with the wind pressure. 

Stresses. — ii. All parts of the structure shall be porportioned so that the sum of the dead 
and live load stresses shall not exceed the stresses given in Table III. 


TABLE III. 

Tension in plates forming sides or bottom of stand-pipes 

Tension in roof construction 

Compression in roof construction 

Shear on shop rivets in roof, etc. 

Shear on field rivets (in stand-pipe plates) and bolts 

Shear in plates 

Bearing pressure on shop rivets 

Bearing pressure on field rivets (in stand-pipe plates) . . . . 


12.000 lb. 

16.000 lb. 

16.000 lb. 

12.000 lb. 
9,000 lb. 

10.000 11). 
24,(X)0 11 ). 

18.000 lb. 


per 

sq. 

in. 

per 

.S(I. 

in. 

per 

sq. 

in. 

per 

sq. 

in. 

rH*r 

sq. 

in. 

per 

sq. 

in. 

per 

S(l. 

in. 

per 

sq. 

in. 


of net area, 
of net area, 
reduced 


12. For compression members in the roof construction, the permissible unit stress of 16,000 
lb. shall be reduced by the formula: 

p - 16,000 — 70 //r. 


where p = permissible working stress in compression, in lb. per sq. in.; 

/ — length of member, from center to center of connections, in inches; 
r — least radius of gyration of section, in inches. The ratio, //r, shall never exceed 180. 

13. Stresses due to wind may be neglected if they are less than 25 per cent of the combined 
dead and live loads. 

14. The average permissible pressures on masonry shall be as given in Table IT, Part I. 

Details of Construction. — 15. The plates forming the sides of the stand-pipe shall be of 

different diameters, so that the courses shall lap over each other, inside and outside*, alternately. 

16. The joints for the horizontal seams in the sides, and for the bottom plates, shall pre- 
ferably be lap joints. 

17. For further information regarding riveted joints, etc., see Part I, Sections 16, 17, 18, 
and 19. 

18. The minimum thickness of the plates forming the sides shall be \ in. and in. for the 
bottom plates, except for oil tanks on a sand foundation. The bottom plates for ordinary stand- 
pipes shall be provided with tapped holes, ij in. in diameter, with screw plugs, spaced at about 
4 It. centers, to permit of filling with cement grout on top of the foundation of the masonry while 
the bottorn part is being erected, in order to secure proper bearing. 

19. Oil tanks of large diameter are generally set directly on a sand foundation, and do not 
need any holes in the bottom plates for filling beneath with cement grout. In such cases, } in. 
bottom plates will be sufficient. 

20. ^ The bottom plates shall be connected with the sides by an angle iron riveted inside the 
stand-pipe. This angle iron shall be bevel sheared for caulking along both legs. For the caulking 
of plates, see Part I, Sections 22 and 23. 

21. On the side and near the bottom there shall be a 12 by 18 in. manhole of elliptical shape. 
In the same manner, or on the bottom plates, flanges shall be provided for the connection of 
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inlet and outlet pipes of the sizes specified by the owner. All openings in stand-pipes shall be 
properly reinforced by forged rings or plates. 

22. For stiffening angles, etc., see Part I, Sections 32 and 33. 

23. In cases where a roof is used see Section 5; Sections 34, 35, and 36 of Part I should also 
be followed. 

24. There shall be an outside ladder, i ft. 3 in. wide, extending from a point about 8 ft. above 
the foundation to the top of the stand-pipe. The ladder shall be made of two 2-J by J in. bars with 
I in. round rungs i ft. apart. An inside ladder will not be required. (In no case should inside 
bidders be proviiled on stand-pipes in climates where ice will form. Owners of oil tanks often 
specify stairways to take the place of ladders.) All ladders shall be able to sustain a concentrated 
load of at least 800 lb. 

25. Large stand-pipes for oil storage, the heights of which are very small compared with 
their diameter, will generally be set directly on a sand foundation, and will not need any anchorage 
whatever, as the overturning moment is very small in comparison with the resisting moment. 

26. Stand-pipes of the ordinary type, for water storage, shall be set on concrete foundations, 
and shall be anchored thoroughly thereto with anchor-bolts not less than in. in diameter, 
set deep enough to take the necessary uplift, and provided with an anchor plate not less than ^ in. 
thick in the masonry. All anchor bolts shall be connected directly to the sides of the stand-pipe 
with bent plates or similar details. The unit stress in anchor-bolts shall not exceed 15,000 lb. 
per sq. in. of net area. Sec Part I, Section 43. 

27. All detailed drawings shall be subject to the owner’s approval before work is commenced. 

28. For materials, workmanship, inspection, painting, and testing, see Part III; for founda- 
tions, see Part IV. 


Part III. Materials, Workmanship, Inspection, Painting, and Testing. 


Structural Steel. — i. The steel shall be made by the open-hearth process. 

2. The chemical and physical i>roperties shall conform to the following limits: 


Elt*inents considered. 

1 

Structural Steel. 

Rivet Steel. 

Phosphorus, maximum | 

Sulphur, maximum 

0.04 per cent 

0.06 “ “ 

0.05 “ “ 

0.04 per cent 

0.04 “ “ 

0.04 “ “ 


Desired 

Desired 

Ultimate tensile strength, in pounds per square inch 

60,000 

50,000 

F.lf^npa tion ! mlnlmiitn p#»rrentnpf‘ in S in Pip T 

1,500,000 

1 ,500,000 


Ultimate tensile 

Ultimate tensile 


strength 

strength 

Elongation: minimum percentage in 2 in. Fig. 2 

22 


Character of fracture 

Silky i 

‘ Silky 

Cold bends without fracture 

180° fiat j 

j 180° flat 


The yield point, as indicated by the drop of beam, shall be recorded in the test reports. 

3. If the ultimate strength varies more than 4,000 lb. from that desired, a re-test shall be 
made on the same gage, which to be acceptable, shall be within 5,000 lb. of the desired ultimate. 

4. Chemical determination of the percentages of carbon, phosphorus, sulphur, and manganese 
shall be made by the manufacturer from a test ingot taken at the time of the pouring of each 
melt of steel, and a correct copy of such analysis shall be furnished to the engineer or his inspector. 
C heck analyses shall be made from finished material, if called for by the purchaser, in which case 
an excess of 25 per cent above the required limits will be allowed. 

5. Specimens for tensile and bending tests, for plates, shapes, and bars, shall be made by 
cutting coupons from the finished product, which shall have both faces rolled and both edges 
milled to the form shown by Fig. i; or with edges parallel; or they may be turned to a diameter 
of } in. for a length of at least 9 in. with enlarged ends. 

6. Rivet rods shall be tested as rolled. 

7. Specimens shall be cut from the finished rolled or forged bar, in such manner that the 
center of the specimen shall be i in. from the surface of the bar. The sp>ecimen for the tensile 
test shall be turned to the form shown by Fig. 2. The specimen for the bending test shall be i in. 
by i in. in section. 

8. ^ Material which is to be used without annealing or further treatment shall be tested in the 
condition in which it comes from the rolls. When material is to be annealed, of otherwise treated 

31 
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before use, the specimens for tensile test representing such material shall be cut from properly 
annealed or similarly treated short lengths of the full section of the bar. 

9. At least one tensile and one bending test shall be made from each melt of steel as rolled. 
In case steel differing i in. and more in thickness is rolled from one melt a test shall be made 
from the thickest and thinnest material rolled. 


I Not less than 9' 


? • • • t 






Abput 2 " 
— .1 


-About 18” ■>< 

FiG. I. 



10. For material less than A in. and more than J in. in thickness, the following modifications 
will be allowed in the requirements for elongation: 

(a) For each ^ in. in thickness below ^ in., a deduction of 2J from the specified percentage 
will be allowed. 

(b) For each i in. in thickness above f in., a deduction of i from the specified percentage 
will be allowed. 

11. Bending tests may be made by pressure or by blows. Plates, shapes, and bars less 
than I in. thick shall bend as called for in Section 2. 

12. Angles J in. and less in thickness shall open flat, and angles i in. and less in thickness 
shall bend shut, cold, under blows of a hammer, without sign of fracture. This test will be made 
only when required by the inspector. 

13. Rivet steel, when nicked and bent around a bar of the same diameter as the rivet rod, 
shall give a gradual break and a fine, silky, uniform fracture. 

14. Finished material shall be free from injurious seams, flaws, cracks, defective edges, or 
other defects, and have a smooth, uniform, workmanlike finish. Plates 36 in. in width and less 
shall have rolled edges. 

15. Every finished piece of steel shall have the melt number and the name of the manufacturer 
stamped or rolled upon it. Steel for pins shall be stamped on the end. Rivet and lattice steel 
and other small parts may be bundled, with the above marks on an attached metal tag. 

16. Material which, subsequent to the foregoing tests at the mills, and its acceptance there, 
develops weak spots, brittleness, cracks, or other imperfections, or is found to have injurious 
defects, will be rejected at the shop, and shall be replaced by the manufacturer at his own cost. 

17. A variation in cross-section or weight of each piece 01 steel of more than 2] per cent from 
that specified will be sufficient cause for rejection, except in cases of sheared plates, which will be 
covered by the following permissible variations, which are to apply to single plates: 

Plates weighing 12^ lb. per sq. ft. or more: 

(a) Up to 100 in. wide, 2J per cent above or below the prescribed weight; 

100 in. wide or more, 5 p)er cent above or below. 

Plates weighing less than 12 J lb. per sq. ft.: 

fa) Up to 75 in. wide, 2\ per cent above or below; 

(&) 75 in., and up to 100 in. wide, 5 per cent above or 3 per cent below; 

(c) 100 in. wide or more, 10 per cent above or 3 per cent below. 

18. Plates will be accepted if their thickness is not more than o.oi in. less than that ordered. 

19. An excess over the nominal weight, corresponding to the dimensions on the order, will 
be allowed for each plate, if not more than that shown in Table IV, i cu. in. of rolled steel being 
assumed to weigh 0.2833 lb. 

Cast Iron. — 20. Except where chilled iron is specified, castings shall be made of tough, gray 
iron, with not more than o.io per cent of sulphur. They shall be true to patterns, out of wind, 
and free from Haws and excessive shrinkage. If tests are demanded, they shall be made on the 
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TABLE IV. 


Thickness, in 
Inches. 

Nominal Weight in 
Pounds per Square 
Foot. 

Width of Plates. 

Up to 7S In. 

75 In. and up to 

100 In. 

100 In. and up to 

115 In. 

i 

10.20 

10 per cent 

14 per cent 

18 per cent 

A 

12.7s 

8 “ “ 

12 “ » 

16 “ “ 

i 

15.3 


10 “ “ 

,3 .. « 

A 

17.85 

6 “ “ 

8 “ “ 

10 “ “ 


20.4 


y (( (( 

9 “ “ 

A 

22.95 I 

4 “ “ 


8i “ “ 

.s 

8 

25.5 ' 

li ii 

6 “ “ 

8 “ “ 

More than | 


4 “ “ 

5 “ “ 

61 “ 


‘‘Arbitration Bar” of the American Society for Testing Materials, which is round bar, ij in. in 
diameter and 15 in. long. The transverse test shall be made on a supported length of I2 in. with 
the load at the middle. The minimum breaking load thus applied shall be 2,900 lb., with a 
dcllcction of at least in. before rupture. 

Workmanship, Inspection, and Painting. — 21. All parts forming the structure shall be built 
in accordance with approved drawings. The workmanship and finish shall be equal to the best 
in modern shop practice. 

22. All material shall be thoroughly straightened in the shop, by methods which will not 
injure it, before being laid off or worked in any way. 

23. The shearing shall be done neatly and accurately, and all portions of the work exposed 
to view shall have a neat and uniform app)earance. 

24. The size of each rivet, called for by the plans, shall be understood to mean the actual 
size of the cold rivet before it is heated. 

25. All plates and shapes shall be shaped to the proper curve by cold rolling; heating or 
hammering for straightening or curving will not be allowed. 

26. Plates to be scarfed may be heated to a cherry-red color, but not hot enough to ignite a 
piece of dry wood when applied to it. Most careful attention shall be paid to all scarfing. 

27. All plates or shapes shall be punched before being bevel-sheared or planed for caulking. 

28. Ail screw threads shall make tight fits in the nuts and turnbucklcs, and shall be United 
States Standard, except for diameters greater than if in., when they shall have six threads per 
inch. The dimensions of screws of various sizes shall be as follows: 

Diameter of screw ends I in. if in. if in. if and greater 

Number of threads per inch 8 7 7 6 

The minimum excess at the root of the thread over the body of the bar shall be 15 per cent. 

The shape of the thread shall be U. S. Standard. 


TABLE V. 


Standard Upsets for Round and Square Bars. 


Round Bars. 


Bar. 

Diameter, in Inches. 

Upset. 

Diameter, in Inches. 

] 


I 

i 



I 


If 

Ii 


I 


if 

Ii 



A 


1 } 



2 



2} 



2* 

2 


2f 


Square Bars. 


Bar. 

Upset. 

Side, in Inches. 

Diameter, in Inches. 

i 

Ii 

‘1 

I 

It 

li 

If 

! 

If 

il 

2 

l\ 


2 } 


2 } 

2 

2i 
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29. The diameter of the die used in punching rivet holes shall not exceed that of the punch 
by more than A All rivet holes shall be punched, except as stated in Part I, Section 19. 

30. All punched and reamed bolts shall be clean cuts, without torn or ragged edges. The 
burrs on all reamed holes shall be removed by a tool, countersinking not more than in. Any 
parts of the structure in which difTiculties may arise in field riveting, shall be assembled in the 
shop and marked properly before shipment. 

31. Rivet holes shall be accurately spaced; 'eccentrically located rivet holes, if not sufficient 
to cause rejection shall be corrected by reaming, and rivets of larger size shall be used in the 
holes thus reamed. 

32. The use of drift-pins will be allowed only for bringing together several parts forming 
part of the structure; force will not be allowed to be used in drifting under any circumstances. 

33. The use of sledges in driving or hammering any part of the structure will not be allowed. 
Care shall be taken to prevent material from falling, or from being in any way subjected to heavy 
shocks. 

34. Rivets shall be driven by pressure tools wherever possible. Pneumatic hammers shall 
be used in preference to hand-driving. All rivet heads shall be concentric with the holes. 

35. All caulking shall be done with a round-nosed tool, and only by experienced and skilled 
men. Caulking around rivet heads will not be allowed. All leaky rivets shall be cut out and 
replaced with new ones. All fractured material shall be replaced free of cost to the owner. 

36. If the owner furnishes an inspector, he shall have full access, at all times to all parts of 
the shop where material under his inspection is being manufactured. 

37. The inspector shall stamp with a private mark each piece accepted. Any piece not thus 
marked may be rejected at any time, and at any stage of the work. If the inspector, through 
oversight or otherwise, has accepted material or work which is defective or contrary to these 
specifications, this material, no matter in what stage of completion, may be rejected by the owner. 

Painting and Testing. — 38. Before leaving the shop, all steel work excepting the laps in 
contact on the tank work, shall receive one coat of approved paint or boiled linseed oil. All 
parts w’hich will be inaccessible after erection shall be well painted, except as stated before. 

39. After the structure is erected and all seams have been caulked, it shall be tested for 
water-tightness, and leaky places shall be caulked or marked. The water shall then be dis- 
charged and the leaky scams shall be caulked. Leaky rivets shall be treated as per Section 35. 
After the structure has been standing empty for 3 days it shall be retested, and then, if all joints 
are water-tight, it shall be given one coat of approved paint both inside and outside of the tank or 
stand-pipe. Painting in the open air shall never be done in wet or freezing w'cather. The owner 
will select the color of the final coat of paint. 

40. The contractor shall guarantee the tightness of the tank, or stand-pipe, against leakage, 
when filled with the liquid it is designed to contain. 

Part IV. Foundations for Elevated Tanks on Towers, and for Stand-Pipes. 

1. The average permissible pressure on the soil is as follows: 

Soft clay I ton per sq. ft. 

Ordinary clay 2 tons per sq. ft. 

Dry sand and dry clay 3 tons per sfj. ft. 

Hard clay 4 tons per sq. ft. 

Gravel and coarse sand 6 tons per sq. ft. 

2. In all cases a thorough investigation of the ground and the site shall be made before 
proceeding with the foundations. 

3. All foundations shall be carried below the frost line, and the anchor-bolts shall be placed 
deep enough to develop their full strength. 

4. In foundations for towers with inclined legs supporting elevated tanks care shall be taken 
that the piers are constructed in such a manner, that the resultant of the vertical and horizontal 
forces, due to direct loads, passes through the center of gravity of the piers. 

5. Foundations, in general, shall be of concrete composed of i part Portland cement, 3 parts 
sand, and 5 parts crushed stone or gravel. In special cases, where part of the foundation is 
under water, the concrete shall be a i : 2 : 4 mixture. 

Note. — For specifications for mixing and placing the concrete in the foundations, see Chan- 
ter V. 
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GENERAL SPECIFICATIONS FOR STEEL WATER AND OIL TANKS.* 

j. Scope of Specifications. — These specifications are intended for steel tanks requiring plates 
not more than f in. thick. 

2. Quality of Metal. — The metal in these tanks shall be open-hearth steel. The steel shall 
conform in physical and chemical properties to the specifications of this Association for steel 
bridges. 

3. Loading. — The weight of water shall be assumed to be 63 lb., crude oil 56 lb., and creosote 
oil 66 lb. per cu. ft. Wind pressure, acting in any direction, shall be assumed to be, in pounds, 
30 times the product of the height by two-thirds of the diameter of the tank in feet. 

A. Unit Stresses. — Unit stresses shall not exceed the following: 

(a) Tension in plates, 15,000 lb. per sq. in. on net section. 

(/;) Shear in plates, 12,000 lb. per sq. in. on net section. 

(c) Shear on rivets, 12,000 lb. per sq. in. on net section. 

(d) Bearing pressure on field rivets, 20,000 lb. per sq. in. 

5. Cylindrical Rings. — Plates forming the shell of the tank shall be cylindrical and Oi aifferent 
diameters, in and out, from course to course. 

6. Workmanship. — All workmanship shall be first-class. All plates shall be beveled on all 
edges for caulking after being punched. The punching shall be from the surface to be in contact 
The plates shall be formed cold to exact form after punching and beveling. All rivet holes shall 
be accurately spaced. Drift pins shall be used only for bringing the parts together. They shall 
not be driven with enough force to deform the metal about the holes. Power riveting and caulking 
should be used. A heavy yoke or pneumatic bucker shall be used for power driven rivets. Rivet- 
ing shall draw the joints to fujl and tight bearing. 

7. Caulking. — The tank shall be made water or oil tight by caulking only. No foreign 
substance shall be used in the joints. For water tanks, the caulking shall preferably be done 
on the inside of tank and joint only; but for oil tanks the caulking should be done on both sides. 
No form of caulking tool or work that injures the abutting plate shall be used. 

8. Minimum Thickness of Plates. — The minimum thickness of plates in the cylindrical 
j)art of the tank shall not be less than } in. and in flat bottoms not less than in. In curved 
bottoms the thickness of plate shall be not less than that of the lower plate in the cylindrical part. 

9. Horizontal and Radial Joints. — Lap joints shall generally be used for horizontal seams 
and splices and for radial seams in curved bottoms. 

10. Vertical Joints. — For vertical scams and splices, lap joints shall be used with plates not 
more than J in. thick. With thicker plates, double butt joints with inside and outside straps 
shall generally be used. The edge of the plate in contact at the intersection of horizontal and 
vertical lap joints shall be drawn out to a uniform taper and thin edge. 

11. Rivets, Rivet Holes, Punching and Pitch. — For plates not more than | in. thick, | in. 
rivets shall be used. For thicker plates, I in. rivets shall be used. The diameter of rivet holes 
shall be ^ in. larger than the diameter of the rivets used. The punching shall conform to the 
specifications of this Association for such work on steel bridges. A close pitch, with due regard 
for thickness of plate and balanced stress between tension on plates and shear on rivets, is desirable 
for caulking. 

12. Tank Support. — If the tank is supported on a steel substructure, the latter shall con- 
form to the s[X'cifications of this Association for the manufacture and erection of steel bridges, 
except that allowance shall be made for wind pressure, but not for impact. 

13. Painting. — In the shop the metal shall be cleaned of dirt, rust and scale and, except the 
surfaces to be in contact in the joints of the tank, shall be given a shop coat of paint or metal 
preservative selected and applied as specified by the company. 

After being completely erected, caulked and cleaned of dirt, rust and scale, all exposed metal 
work shall be painted or treated with such coat or coats of paint or metal preservative as shall 
be selected by the railway company. 

14. Plans and Specifications. — Under these specifications and in conformity thereto the 
railway company shall cause to be prepared or .shall approve detailed plans and specifications for 
such tanks, herein specified, as it shall construct. Such plans and specifications shall cover all 
necessarv tank auxiliaries. 

REFERENCES. Hazlehurst’s “ Towers and Tanks for Waterworks,” second edition, 1904, 
published by John Wiley & Sons, covers the design and construction of steel stand-pipes and steel 
elevated tanks on steel towers, and supplements the data and discussion in this chapter. Con- 
siderable data on the design and construction of stand-pipes and elevated tanks on towers for 
railway .service are given in the annual reports of the proceedings of the American Railway En- 
gineering Association, particular reference is made to volume ii, part 2; volume 12, part 3, and 
volume 13. 

* Adopted, Am. Ry. Eng. Assoc., Vol. 13, 1912. 
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Self-Supporting Steel Stacks. 

Introduction. — Self-supporting steel stacks are usually made with the upper part cylindrical 
and with the lower part flared. The height of the flared or bell mouth base depends upon the 
breaching, the location of the flue opening and upon the required diameter of the base of the stack. 
The height of the flare will vary from one-eighth to one-fourth the height. Where the height 
of the flare is one-fourth the height of the stack, and the top of the cone is at the top of the stack, 
the diameter of the base with a conical flare will be one-third greater than the diameter of the upper 
part of the stack. The ratio of the diameter of the base of the flare to the diameter of the stack 
in well designed stacks varies from } to The bell mouth stack is more expensive to build than 
a flared slack, and has no advantage. 

The plates in the stack shell vary from 4 to 7 ft. in height, 5 ft. being the most common 
height of course. Lap joints arc used for vertical scams and for horizontal seams in the upper 
part of the stack. Butt joints are used for horizontal seams with heavy plates, and in the flare 
of stacks. With lap joints the rings are made conical with each ring telescoping over the ring 
below. The edges of the plates should be beveled for caulking. The riveted joints should be 
designed for caulking, and the joints should all be caulked after erection. 

Self-supporting stacks are made with lining and also are left unlincd. While many unlined 
steel stacks have given excellent service, it is now the general practice to line all self-supporting 
steel stacks. The lining may' be made of radial fire brick, common brick, concrete, cement 
gunite, or a material such as vitrobestos. The lining should be carried the full height of the stack. 
I'he lining in the upper part of the stack is usually supported on steel angles riveted to the inside 
of the stack. These angles are spaced vertically from 5 ft. to 15 ft. apart. When lined with 
brick, the lower section of the stack is usually lined with fire brick laid in fire clay, while the upper 
section is lined with common brick laid in cement mortar. For an independent lining an 8-in. 
brick wall will be required for the lower half, and a 4-in. brick wall for the upper half of the stack. 
The space between the lining and the steel shell should be filled with cement mortar to prevent 
condensation of moisture inside the shell with resulting corrosion. Cement gunite linings about 
2 in. thick are now being used. The reinforcing fabric is fastened to horizontal angles and the 
cement mortar is applied with the cement gun. While gunite lining has been in use for only a 
short time, it would appear to make a very satisfactory lining. 

To retard corrosion the steel plates are painted one coat of paint in the shop and usually 
two coats of heat resisting paint after erection. A graphite or carbon paint or other tried heat 
resisting paint should be used. The plates in the steel shell should be made at least one-sixteenth 
inch thicker than required by the stresses to provide for corrosion. No plates thinner than 
1 in. should be used for stack plates. Steel having an admixture of from 0.25 to 0.30 per cent 
copper is more resistant to corrosion than is steel or iron not containing copper. Copper bearing 
steel should be used for the steel plates in self-supporting steel stacks. The so called “ ingot 
irons ” or “ pure irons ” have no advantage over structural steel for use in steel stacks. 

To prevent the collapse of the upper part of the stack the top of the stack should be reinforced. 
The reinforcement is commonly made by riveting a painter’s trolley track on the outside near 
the top. The horizontal angles on the inside to carry the lining also stiffen the stack against 
collapse due to wind pressure. A cleanout door should be provided near the bottom, unless it 
IS possible to clean out the stack through the foundation. Ladders are provided on the outside 
and sometimes on both outside and inside. For high stacks safety rings should be fastened to 
the ladder as shown in Fig. 5 and Fig. 6. 


471 



472 


SELF-SUPPORTING STEEL STACKS. 


Chap. XIv 


In erection the plates should be drawn up tight before riveting. Not less than one-third of 
the holes should be filled with field bolts, well distributed in the joint and drawn up tight before 
driving rivets. 

The foundations of self-supporting steel stacks should be made massive in order that the 
vibrations due to wind may be made as small as possible. Where self-supporting steel stacks 
are carried on a structural steel framework, the supporting girders and columns should be encased 
in concrete to provide a mass to reduce vibrations due to wind. 

Data for Design. — ^The following data will be of assistance in the design of self-supporting 
steel stacks: 

Notation: 

h = distance in feet of any point below the top of the stack. 
d = diameter of the stack in feet. 
r = radius of the stack in feet, 
fi = outside radius of the steel shell in feet, 
fs = inside radius of the steel shell in feet. 
t = thickness of steel shell in inches. 

p — pressure of the wind on a projected diameter in pounds per square foot. 

P — total wind pressure on the stack in pounds. 

W, =* weight of steel shell above any point in pounds. 

Wi = weight of stack lining above any point in pounds. 

Wf = weight of foundation in pounds. 
h = diameter of foundation (assuming a circular section) in feet. 
hi = height of foundation in feet. 
di = diameter of anchor bolt circle in feet. 
g = spacing of anchor bolts in inches. 

M = bending moment due to wind in inch-pounds. 

F = stress per lineal inch along a circumferential joint. 

/ = stress along a circumferential joint in pounds per sejuare inch. 

5 = stress per vertical lineal. inch of stack in pounds. 

S' = stress in vertical section of stack in pounds per square inch. 

T = total stress in an anchor bolt in pounds. 
a == thickness of steel base plate in inches. 
m = width of steel base plate in inches. 
c = projection of steel base plate in inches. 

fe = allowable pressure of base plate on masonry in lb. per sq. in. 

Wind Pressure. — The pressure of the wind on a structure depends on the sha|>e of the 
structure, the height of the structure, the width of the structure, on the location, and on clima 
tic conditions. Experiments have shown that the wind pressure per sq. ft. increases with the height 
of the structure. Professor Henry Adams in Mechanics of Building Construction ” gives the 
following formula for wind pressure on a surface: 

log p = 1. 125 + 0.32 log hi — 0.12 log w 

where p = wind pressure in lb. per sq. ft., hi =■ height of center of gravity of surface above 
ground level in ft.; w = width of surface in feet. For a stack 20 ft. in diameter the wind pressure 
from the above formula will be as follows: — Height = A =» 40 ft., p == 24.3 lb.; h = 100 ft., 
P * 3^*5 lb.; h =» 200 ft., p = 40.7 lb.; A = 300 ft., p = 57.7 lb. The height of the stack h 
will equal 2hi in the formula above. 

German specifications for design of tall chimneys specify wind loads per sq. ft. as follows: 
26 lb. for rectangular chimneys; 67 per cent of 26' lb. on circular chimneys; and 71 per cent of 
26 lb. on octagonal chimneys. 
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A wind load of 33! lb. per sq. ft. on the projection of the chimney was used in the design of 
the brick chimney built for the Boston and Montana Company, Butte, Montana. The chimney 
is 76 ft. in diameter at the base and 50 ft. in diameter at the top, and is 506 ft. in height. 

The wind pressure on the steel stack 400 ft. high and 30 ft. in diameter built by the United 
Verdi Copper Company at Jerome, Arizona, was taken as 25 lb. per sq. ft. of vertical projection 
of the stack. 



Section of Stack bi5r Steel Base 

(a) <c> 

Fig. I. 


The maximum wind pressure on a square stack is commonly taken as from 30 to 40 lb. per 
sq. ft. of the projection normal to the wind. The wind pressure on a circular stack is taken as 
two-thirds of the pressure on a square stack, and the pressure will vary from 20 to 25 lb. per 
sq. ft. acting normal to the projection of the stack. A pressure of 20 lb. per sq. ft. is adequate 
for a small stack in a protected location, while 25 lb. per sq. ft. should be used for a large stack 
or for a stack in an exposed location. 

DESIGN OF STEEL STACK. — ^The total lateral pressure P, acting above any section at 
a distance h below the top of the stack, (a), Fig. i, will be 

F » p.J.A (I) 

and the bending moment in ft. -lb. at any distance h below the top of the stack will be 

M =■ \P'd*h'^ (2i 
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The wind pressure will be taken at 37! lb. per sq. ft. on two-thirds of the projected area or 
25 lb. per sq. ft. on the entire projected area. Substituting in (2), and reducing to in.-lb. 

Af * ( 25 d-A 2 .I 2)/2 

= (3) 

The unit stress in the extreme fiber of the shell is 

/ = M-cII (4) 

Now c = I2ri, I « ir(ri* — rt)/^ = t-H / 


(approx.; ri is in ft., and i is in in.) = i2V*r*‘/ = i,728T*r®*/ 
Substituting M from (2) and c, and I as above in (4) 

f - X I2r 

* ~~ l, 728 ir-f**/ 

_ 0 0533^-^* 
t-d 

For /> = 25 lb. per sq. ft. 


(5) 

(50 


The stress per lineal inch along the circumference is 


p _ o o533P-h* 

d 

For /) = 25 lb. per sq ft. 

P = *- 33 ^* 


( 6 ) 

( 6 ') 


The stress per lineal inch on any circumference is also equal to the moment M divided by 
the area of the stack 




6p^d-h^ 
T-r* X 12 X 12 

d 


( 6 ) 


U ft — allowable unit stress on the net section, and e 
thickness of the plate will be 


, _ o o533/>’^" 
d-fre 

For p * 25 lb. per sq. ft. 

# 

d-fre 


efficiency of the joint, from (5) the 

( 7 ) 

(70 


The unit stre .s due to the weight of the stack above the section is 




W, 

I27r'd-/ 


( 8 ) 


Assuming that the stack plates are of constant thickness above the horizontal joint 


4qowd^h^t 
144T-d*t 
m 3.4A (approx.) 


(80 
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From equation (8') it will be seen that if A * 300 ft., the stress due to weight will be 1,020 lb. 
per sq. in. For stacks of height less than about 200 ft., the weight of the steel stack may be 
omitted (see § 6, specifications at end of chapter). 

For steel stacks with lining the load on the horizontal joints should be calculated. For a 
fire brick lining 4 in. thick, the I ad per lineal inch on a joint, as uming that brick weighs 125 lb. 
per cu. ft., will be 


Fi 


Wi 

1 v*d 

4 X I257r»d-fe 


(9) 


i44T*d 


= 348A 


(9') 


The weight of the stack and the weight of the lining should be omitted in calculating the 
maximum tension, for the reason that the maximum wind load may come on the stack before 
the stack is lined. The weight of the stack and the lining should be included in calculating the 
compressive stresses, see § 6 specifications at end of chapter. 

Stresses in Anchor Bolts. — ^The stresses in the anchor bolts will be calculated on the assump- 
tion that all anchor bolts are drawn up tight, and that rotation will be about a line through the 
center of gravity of the base of the stack and at right angles to the direction of the wind, see (b) 
Fig. I. 

From equation (6) the stress per lineal inch of shell for a stack of uniform diameter is 


For P *= 25 lb. per sq. ft. 

^ d 


( 6 ) 

(60 


For a stack with a bell bottom if d is diameter of stack and di is diameter of base of bell 

(10) 


p _ o.o533P'h^-d 


For ^ 25 lb. per sq. ft. 




(II) 


If g is the spacing of the anchor bolts in inches, when the diameter of the anchor bolt circle 
is equal to diameter of stack, the stress in an anchor bolt due to wind will be 


T - 

d 

Where the diameter of the anchor bolt circle is di 

di^ 


(12) 


(12O 


The tension in the anchor bolt due to wind will be reduced by the compressive stress due to 
the weight of the steel stack (the maximum win! load may occur djring erection and the 
weight of the lining may be neglected) and 


r, 


di* 12'wd 


(12") 


If the anchor bolt is given an initial stress, this stress should be added to (12")- 
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Design of Base Plate. — The compression per lineal inch due to wind, from equation (lo) 
will be 




(lo) 


The pressure due to the weight of the steel, W,, and lining Wi will be 

p, ^ ^ w, + Wi 

I2x-di 377^1 


( 13 ) 


The maximum compression per lineal inch on the base plate will be 
j. _ o.o533/>-^^^-f^ , IF. + Wi 


(14) 


Width of Steel Base Plate. — Let fe — allowable pressure of the steel base plate on the masonry 
in lb. per sq. in.; /< = allowable tensile stress in the steel base plate in lb. per sq. in.; m = width 
of base plate in inches, c = projection of base plate in inches, and a = thickness of base j:)late, 
(c) Fig. I. The base plate will be a cantilever beam with thickness a and span c. From mechanics 
the bending moment per inch of length will be 

2 a/2 6 

and solving 



The width of base plate will be 

m = Fi//e (16) 

where F\ is the maximum compression on the base plate in lb. per lineal inch as calculated by 
formula (14). 

Thickness of Plates in Steel Stacks. — ^The thickness of plates in self-supporting steel stacks 
of different diameters and heights, calculated from formula (7') for a joint efficiency, ^ = 50 
per cent is given in Table I, and for ^ = 70 per cent is given in Table II. In designing a steel 
stack the preliminary thickness of plates may be taken from these tables. The preliminary design 
should be checked by investigating for weight of steel using formula (8), and for weight ol lining 
using formula (9). For the thickness of plates in self-supporting steel stacks designed by Babcock 
and Wilcox Co., see Table V. 

Design of Foundations. — ^The overturning moment at the top of the foundation is 


M — ip’d’h^ (2) 

The resisting moment will be calculated on the assumption that for average conditions 

hi = 0.44 (17) 

where hi is height of footing and b is the diameter of the foundation. The volume of the footing 
in cu. ft. will be 

V = o.ySs^b^-hi 

Weight of Foundation W/ ^ 0.78546* X 0.46 X 150 * 47,1256^ 

Now the overturning moment about the base of the foundation in ft. -lb. will be 

M = p-d-h{\h -f hi) (18) 

If the resultant thrust due to wind pressure and weight of steel stack, lining and founda- 
tion does not fall outside the middle quarter of the foundation, which is the usual condition, 
then • 


3/ - (IF. + IFi + IF/) 6/8 
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TABLE I 

Thickness of Plates for Self-Supporting Steel Stacks. 
Wind load == 25 lb. per sq. ft. Efficiency of joints e = 0.50. 
Allowable tensile stress// = 12,000 lb. sq. in. Thickness in inches. 






Diameter of Stack in ft. 




Height 

ft. 










4 

s 

6 

7 

8 

9 

10 

II 

12 


60 

.199 









70 

.271 

.217 








80 

•354 

.283 

.236 

.202 






90 

.448 

•358 

.298 

.2s6 

.224 

.199 




100 

•553 

.442 

.368 

.316 

.276 

.246 

.221 

.200 


no 

.669 

•535 

.446 

.382 

•334 

.297 

.267 

•243 

.223 

120 

.796 

.637 

•530 

•455 

.398 

•354 

.318 

.289 

.26s 

130 


•747 

.623 

•534 

.467 

.415 

•374 

.340 

.311 

140 



.722 

.619 

.542 

.481 

•433 

•394 

.361 

ISO 




.711 

.622 

•553 

•497 

.452 

.414 

160 





.707 

.629 

.S66 

•514 

.472 

170 






.710 

.638 

.581 

.532 

180 







.716 

.6s I 

•597 

190 








.725 

.66s 

200 









•737 





Diameter of Stack in ft. 




Height 










ft. 

14 

16 

18 

20 

22 

24 

26 

28 

30 

ISO 

•355 

.311 

.276 

.249 






160 

.404 

•354 

•314 

.283 






170 

•456 

•399 

•355 

•319 

.290 

.266 

.246 



180 

.512 

.448 

.398 

.358 

.326 

.298 

•275 

.256 


190 

.570 

•499 

•443 

•399 

.363 

.332 

•307 

.28s 

.266 

200 

.632 

•553 

.491 

.442 

.402 

.368 

.340 

.316 

.295 

220 

.764 

.6^ 

•594 

•535 

.488 

.446 

.411 

.382 

•357 

240 


.796 

.707 

.636 

•579 

.530 

.490 

•455 

.424 

260 




•747 

.679 

.623 

•575 

•534 

.498 

280 





.788 

.722 

.667 

.619 

•577 

300 







.76s 

.711 

.663 


and 


SM G/i + /;,) 

® W, Wi^ W, W. + ITi + Wf 


(180 


Approximate Formula for Foundation. — If the resultant thrust due to wind pressure does 
not fall outside the middle quarter of the circular base (the kern of the base is a circle with a 
diameter J6), and if the weight of the steel stack be neglected, the resisting moment will be 

W » TF/-6/8 (19) 

equating (18) and (19), and solving for 6, the height of the foundation 


47125 
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neglecting hi and solving 

For p ^ 25 lb. per sq. ft. 


b ■■ (approx.) 

b = (approx.) 


(20) 

(20') 


Equation (20) is an approximate formula for the diameter of a circular foundation in terms 
of the diameter of the stack, d, and the height of the stack, A, all dimensions in feet. The wind 
pressure on the added surface due the bell and the foundation and the weight of the stack and 
lining are neglected. 

Pressure on Foundations. — The maximum pressure on the leeward edge of the foundation 
will be equal to 

^ W.-\-Wi + Wf , M-b 

Pi ^ 


o.7854f>* 

Wf 

0.78546* 


+ - 


2/ 


, 32M 


(21) 


TABLE 11. 

Thickness of Plates for Self-Supporting Steel Stacks. 


Wind load = 25 lb. per sq. ft. Efficiency of joints e = 0.70. 
Allowable tensile stress,/* = 12,000 lb. sq. in. Thickness in inches. 


Height 

Diameter of Stack in ft. 

ft. 











4 

s 

6 

7 

8 

9 

10 

II 

12 

70 

.193 









80 

•2S3 

.202 








90 

.320 

.256 

.213 

.183 






100 

•395 

.316 

.263 

.226 

.197 





no 

.478 

.382 , 

.318 

•273 

•239 

.212 

.191 



120 

.568 

•455 

•379 

•325 

.284 

•253 

.227 

.207 


130 

.667 

•534 

•445 

.381 

•334 

.296 

.267 

•243 

.222 

140 

■774 

.619 

.516 

•442 

.387 

•344 

•309 

.281 

.258 

150 


.711 

•592 

.508 

•444 

•395 

•355 

•323 

.296 

160 



.674 

•577 

.505 

•449 

.404 

.367 

•337 

170 




.652 

•570 

.507 

•456 

.415 

.380 

180 





■639 

.568 

.512 

•46s 

.426 

190 





•713 

.633 

•570 

.518 

•475 

200 






.702 

.632 

•574 

.526 

220 







.764 

.695 

.637 





Diameter of Stack in ft. 




Height 










ft. 











14 

16 

18 

20 

22 

24 

26 

28 

30 

160 

.289 

•253 

.225 







170 

.326 

.28s 

.254 

.228 






180 

•365 

.320 

.284 

.256 

.233 





190 

.407 

■356- 

■317 

.285 

.259 

.238 




200 

.451 

•395 

•351 

.316 

.287 

.263 

.243 



220 

.546 

.478 

•425 

.382 

•347 

.318 

.294 

.273 

•255 

240 

.650 

.568 

.505 

•455 

•4*3 

•379 

.350 

•325 

.303 

2^ 


.667 

•593 

•534 

•485 

•445 

.411 

.381 

•356 

280 



.688 

.619 

•563 

.516 

.476 

.442 

•4*3 

300 




.710 

.646 

.592 

•547 

.508 

•474 

320 






.674 

.622 

•577 

•539 
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Where the resultant thrust is kept within the kem of the section (middle quarter), the 
maximum pressure on the leeward side will be 

. __ 2(W. + Wi Wf) . . 

— («) 


The maximum pressure should be kept low, see specifications for elevated steel tanks, 
Chapter XI. If there is danger of settlement the foundation should be carried on piles. 

The diameters of circular concrete foundations for self-supporting steel stacks as calculated 
by equation (20') are given in Table III. The depth of foundation is four-tenths the diameter 
of the foundation in each case. 

TABLE III. 

Diameter of Circular Masonry Foundations for Self-Supporting Steel Stacks. 


Height of Foundation = { its diameter. Diameter of Foundations in feet, 
p = 25 lb. per sq. ft. 
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SELF-SUPPORTING STEEL STACKS. 


Chap. XIa 


AIXOWABLE STRESSES. — ^The self-supporting steel stack for the United Verde Company, 
Jerome, Ariz., 400 ft. high by 30 ft. in diameter, was designed for a wind pressure of 25 lb. per 
sq. ft. on the vertical projection of the stack with the following working stresses: Tension 16,000 
lb. per sq. in. on net section; compression 10,000 lb. per sq. in. on gross section; shop rivets 

10.000 lb» per sq. in. for shear, and 20,000 lb. per sq. in. for bearing; field rivets 80 per cent of 
shop rivets. The bell shaped flare was 50 ft. high. The stack was lined with a 4 in. brick lining 
supported by horizontal angles riveted to the inside of the shell and spaced 15 ft. apart. 

The Babcock and Wilcox Co. uses allowable stresses as given in Table VI. 

The Chicago Bridge and Iron Works designs for compression on the leeward side, with 

12.000 lb. per sq. in. compression on net section, and 14,000-125 djt lb. per sq. in. compression 
on g^oss section with a maximum of 10,000 lb. per sq. in. 

Sargent and Lundy, consulting engineers, specify a wind pressure of 25 lb. per sq. ft., and 
a tensile stress of 12,000 lb. on net section. 

On account of corrosion the working stresses used in designing the plates and joints should 
be kept low. The author would recommend that the same allowable stresses for designing steel 
stacks be used as are used in designing steel water tanks in Chapter XI. With these conservative 
stresses it would not appear to be necessary to consider the dead load stresses due to the weight 
of the steel stack and the stack lining unless these dead load stresses exceed the unit stresses due 
to wind pressure by more than 10 per cent. This makes it unnecessary to consider the weight 
of the steel in an unlined stack under 200 ft. in height. The allowable unit stresses recommended 
by the author are given in § 4, of the specifications in the latter part of this chapter. 

The pressures of bearing plates on masonry should not exceed the following in lb. per sq. in. 


Brick masonry laid in cement mortar 200 

Portland cement concrete, 1-2-4 400 

First-class sandstone 300 

First-class limestone 400 

First-class granite 600 


Compressive Stresses. — There will be tensile stresses in the plates on the windward side, 
and compressive stresses in the plates on the leeward side of the stack. The efficiency of the 
joint on the compressive side will depend upon the strength of the rivet in shear and in bearing 
of the rivet on the plate, and not on the strength of the plate in tension. The load on the leeward 
side will be increased by the weight of the lining. The maximum stresses on the rivets will come 
on the leeward side and the plates should be designc<l for these stresses. 

To prevent flattening on the windward side or buckling on the leeward side it is common 
to also design the plates for a compressive stress on the gross section of the plates using a lower 
stress on gross area than on net area of the plate. The Chicago Bridge & Iron Co. requires that 
the stress on the gross area be not greater than/c == 14,000 — 12 5^//. For \ in. plates and a diameter 
of 8 ft., this gives fe - 10,000 lb. per sq. in.; and for a 16 ft. diameter stack fc = 6,000 lb. jxir 
sq. in. The Babcock and Wilcox Co. specifies that the thickness of the plate in any course shall 
not be less than the diameter divided by 500. 

Horizontal Seams. — Horizontal seams for plates f in. and less in thickness are commonly 
made with lap joints. Single riveted lap joints may be used for the upper section, where it is 
not necessary to develop the strength of the joints. From Table IV it will be seen that lap joints 
with two lines of rivets should be used with plates to in. thick, and three lines of rivets 
with plates § to | in. thick. Butt joints should preferably be used for plates thicker than J in. 
All joints should be caulked on the inside. The rivet spacing along the caulked edge of a plate 
should not be greater than 10 times the thickness of the plate. The rivet spacing should not be 
less than 2i times the thickness of the plate. 

Vertical Seams. — ^The rivets in the vertical seams, must be spaced sufficiently close to prevent 
buckling and permit ca Iking. The shearing on the rivets in the vertical joint is small and may 
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be neglected. The vertical joints are usually made single lap with the same spacing as the 
horizontal joints. The rivet spacing for caulked joints is given in Table 113, Part II. Table 113 
is calculated for water tanks. For stacks this spacing may be slightly exceeded. For efficiency 
of riveted lap joints see Table IV. 

Efficiency of Riveted Joints. — Formulas for calculating the efficiency of riveted joints are 
given in Chapter XVII. The properties of lap joints are given in Table IV. The properties 
of lap joints and butt joints are given in Table Ila, Chapter XI. From the tables of properties 
of joints it will be seen that the efficiency of single riveted lap joints varies from 40 to 50 per 
cent, while for lap joints with two rows of rivets it is possible to obtain an efficiency of 70 per cent. 

COST OF STEEL STACKS. — The cost of the steel plates and structural material may.be 
obtained from the ENCilNEERIXG-NEWS^RECORD or the IRON AGE. The approxi- 
mate weight of the steel in steel stacks may be taken from Table V. The shop cost of steel stacks 
will 1 )e practically the same as for flat bottom steel tanks, for the shop cost (1913) of which see 
Table V, Chapter XIII. In 1916 the actual cost of detailing and erecting sev^eral steel stacks 
in the middle west was as follows. A steel stack 18 ft. diameter and 2(X> ft. high, weighing 117 
tons, cost $22.cx) per ton to erect. A steel stack 10 ft. diameter and 200 ft. high, weighing 61 
tons, cost $32.00 per ton to erect. A steel stack 12 ft. diameter and 150 ft. high, weighing 48 
tons, cost $1.00 per ton to detail, and $20.00 per ton to erect. A steel stack 10 ft. diameter and 
188 ft. high, weighing 67 tons, cost 75 cents \ycr ton to detail, and $28.00 per ton to erect. 


TABLE IV. 

Properties of Riveted Lap Joints. 

Tensile stress in plates 12,000 lb. Shear in rivets 9,000 lb. Bearing on plates 18,000 lb. 


Thickness of | 

Plate, in. 

Number of 

Rows of i 

Rivets j 

H in. Rivet. 


in. Rivet. 


in. Rivet. 


1 

in. Rivet. | 

Efficiency 
of Joint 
per cent 

Pitch of 
Rivets, 
in. 

Effect ive 
Section of 
Plate, in. 

Efficiency 
of Joint 
per cent 

Piten of 
Rivets, 
in. 

Effective 
Section of 
Plate, in. 

Efficiency 
of Joint 
per c ent 

'0 '/T 

Effective 
Section of 
Plate, in. 

III 

§0^ 

Pitch of 
Rivets, 
in. 

Effective 
Section of 
Plate, in. 

1 

4 

I 

39-3 

1.50 

.098 

48.7 

1. 88 

.121 








2 

65.4 

1.80 

.163 

70.7 

2.50 

•177 







A 

I 

31.4 

1.50 

.o<}8 

39.5 

1.88 

.124 

47.1 

2.25 

.147 





2 

60.0 

1-57 

.187 

65.4 

2.50 

.205 

70.5 

3.00 

.220 




i 

I 




3^7 

1.88 

.123 

39.3 

2.25 

.147 

45-8 

2.63 

.172 


2 




61.5 

2.00 

.231 

66.6 

2.63 

.250 

70.4 

3.38 

.264 

A 

I 







337 

2.25 

.147 

39.3 

2.63 

.172 


2 







63!; 

2.3S 

.279 

67.1 

3.00 

.294 

h 

2 







5 R -9 

2.2;; 

.295 

64.4 

2.80 

.322 


3 







69.5 

2.88 

•347 

72.9 

371 

•364 

9 

2 







52.4 

2.25 

•^95 

61.0 

2.63 

•344 


3 







66.9 

2.63 

• 37 f'> 

70.3 

3.38 

.397 

I 

2 







47- 1 

2.25 

.294 

55.0 

2.63 

•344 


3 







64.5 

2.47 

.403 

68.5 

3.16 

.428 


Note. Distance between rivets at caulked edges shall not excQed 10 times thickness of 
plate. Distance from centers of rivets to edge of plate shall be i in. for \ in. rivets, li in. for 
I in. rivets, ij in. for } in. rivets, ij in. for Jin. rivets. Distance between rows of rivets shall 
be ij in. for J in. rivets, iJ in. for J in. rivets, 2 in. for J in. rivets, 2} in. for J in. rivets. 


32 
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SELF-SUPPORTING STEEL STACKS. 


Chap. XIa 


EXAMPLES OF STEEL STACKS. — The following examples of steel stacks will show many 
important details and startdard practice in the design of self-supporting steel stacks. 

Steel Stack for University of Colorado. — ^'I'he self-supporting steel stack 150 ft. by 7 ft., 
shown in Fig. 2, was built at the University of Colorado in 1910. The diameter of the base of 
the flare is ii ft. in. The stack is anchored to the masonry foundation by 10 anchor bolts 2i 
in. in diameter by 33 ft. long. The anchor bolts are attached to the inside of the shell by means 
of a bracket made of two angles 5 in. by 3^ in. by i in. by 2 ft. 9 in. long. The stack is lined 
with fire brick, to a height of 28 ft. 6 in. For the lower 18 ft. the brick is 8 in. thick, and for the 
remaining 10 ft. 6 in. the lining is 4 in. thick. The upper 102 ft. 6 in. of the stack is lined with 
vitrobestos, 2 in. thick. The vitrobestos lining is supported on 4 in. by 4 in. by in. angles 
spaced 3 ft. vertically and riveted to the stack plates. 

Steel Stack for Smokeless Powder Plant. — The details of the 250 ft. by 16 ft. self-supporting 
steel stack built at the U. S. Government Explosives Plant at Nitro, West Virginia, are shown 
in Fig. 3. The stack was designed for a wind load of 25 lb. per sq. ft. on the projected area. 
The stack has a straight flare 30 ft. high, the diameter of the base being 20 ft. The stack was 
anchored to the concrete foundation by 28 anchor bolts 2^ in. in diameter and 28 ft. 2J in. long. 
The diameter of the anchor bolt circle was 20 ft. 7J in. The details of the riveted joints are given 
in Fig. 3. Five-eighths in, rivets were used with i in. plates, i in. rivets with in. and f in. 
plates, and } in. rivets with in., \ in. and ys in. plates. The plates were medium open hearth 
steel with an ultimate strength of 55,000 lb. per sq. in. The stack plates were designed for an 
allowable tensile stress of 11,000 lb. per sq. in., and a compressive stress of 16,000 lb. per sq. in. 
Allowable shear in rivets 9,000 lb. per sq. in., allowable bearing of rivets on plates 18,000 lb. 
per sq. in. The stack was unlined. The stack was carried on a reinforced concrete foundation 
which contained the flue. 

Steel Stack for Miimeapolis General Electric Company. — The details for the 201 ft. by 
16 ft. 5 in. self-supporting steel stack designed by the H. M. Byllesby Company for the Riverside 
Station of the Minneapolis General Electric Company, Minneapolis, Minnesota, are given in 
Fig. 4 and Fig. 5. 

This stack was designed for a wind load of 30 lb. per sq. in. on the projected area of the 
stack. The lower 49 ft. of the stack is lined with No. 2 radial fire brick, 4^ in. thick with i in. 
of cement grout, while the upper 152 ft. of the stack is lined with a concrete lining 4 in. thick. 
The concrete is reinforced with No. 26 triangular mesh, and is supported at each horizontal 
joint by 3 in. by 3 in. by | in. angles. The concrete was a 1-2-4 Portland cement concrete. 
The aggregate was stone crushed to pass a f in. screen. The fire brick were laid up in the best 
quality fire clay, mixed with water to form a thin paste. The brick were dipped in this paste 
and were well rubbed into place to make a perfectly tight joint. Common brick laid in cement 
mortar were used for the outside lining in the lower part of the bell. 

The steel stack is supported on four braced columns, connected at the top by four main girders 
and six auxiliary girders. 

The base of the stack is anchored to the supporting girders by means of 16 anchor bolts 
3 in. in diameter. The anchor bolts are placed in pairs, one inside and the other outside the 
steel shell. 

The steel ladder has main vertical wrought iron bars 2i in. by i in., extending from the bottom 
to the top of the stack, with J in. round rungs spaced 12 in. apart. The ladder is fastened to 
the stack by means of ladder lugs spaced 10 ft. apart. These lugs are made of 2J in. by i in. 
bars and are braced on the outside by means of two 2^ in. by | in. bars extending from the lx)ttom 
to the top of the stack. The ladder lugs give a clear space of 2i in. by 24 in. and serve as a guard 
for a man climbing the ladder. 

The details of the riveting are shown in Fig. 4. The horizontal joints are double riveted 
for the lower 191 ft. of the stack and single riveted for the upper 90 ft. of the stack. The vertical 
joints are double riveted for the lower 19 1 ft. of the stack and single riveted for the upper 90 ft. 
of the stack. 
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Fig. 2. Steel Stack for University of Colorado. 
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The details of the painter’s trolley are shown in Fig. 4 and the cast iron cap is shown in Fig. 5. 

The steel plates and other details were painted in the shop with one coat of red lead paint, 
and were given two coats of paint after erection. 

The Babcock and Wilcox Self-supporting Steel Stacks. — The self-supporting steel stacks, 
the data for which are given in Table V, were designed for a wind load of 25 lb. per sq. ft. on 
the projected area of the stack. The stacks have a straight conical flare at the base, the apex 
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Fig. 5. Steel Stack for Minneapolis General Electric Co. 

of the cone being at the top of the stack, and the flared part being approximately one-fourth the 
height of the stack. This makes the diameter at the base approximately one-third larger than 
the diameter of the straight part of the stack. The flared part of the stack is built of plates of 
a uniform thickness. The flare also gives a larger diameter for the flue openings and makes a 
more easy flow of gases. The flared stack saves from 10 to 15 per cent over straight stacks of 
equal height. 

The stacks in Table V were assumed as unlined and the weight of the steel was neglected 
in making the calculations. The allowable stresses, and rivet spacing used in the design are 
given in Table VI. 









Data for Self-Supporting Steel Stacks. 

(The Babcock and Wilcox Company.) 
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The thickness of the plate in any course is kept not less than 1/500 the diameter of the stack, 
so that the tendency to flatten the stack will not produce a stress greater than 20,000 lb. per 
sq. in. 

The base plates are wrought steel plates 12 in. x | in. to 24 in. x li in. and are provided under 
the edge of the shell and the anchor bolt angles. The base plates are designed for a bending 
stress of 20,000 lb. per sq. in. in the plates, and a bearing of 220 lb. per sq. in, on the concrete 
foundation. 

One diameter of anchor bolt is used with each thickness of plate. The anchor bolts arc 
upset, and are designctl for a stress of 16,000 lb. per sq. in. Anchor bolts are arranged in pairs, 
one inside and one outside of the stack and bear on the ends of pairs of vertical angles, fastened 
to the shell by ivets in double shear. Each jxiir of anchor bolts is anchored to a pair of channels 
approximately one foot above the bottom of the concrete foundation. 

The top ring is made of 3 in., 4 in. or 6 in. Z-bars, which are used for a painter’s trolley. 

The standard ladder has I in. rounds and 2I in. by i in. side bars, and extends to the top 
of the stack. 

A cleaning door 18 in. by 24 in. is used on all stacks. 


TABLE VI. 

Data for Calculation of Sfi.f-Supporting Steel Stacks. 
(The Babcock and Wilcox Company.) 


Stress on 
horizontal 
section, 
lb. 

Plate 

Thickness, 

In. 

Diameter 

Rivets, 

In. 

Pitch 

Rivets, 

In. 

Stress at Rivets, lb. sq. in. 

Bearing 

on 

Rivet 

Shear 

on 

Rivet 

Tension 

in 

Plate 

Tension in 
Gross 
.Area Plate 

600 

3 

1 <i 

3 

s 

2 

15,800 

9,270 

4,020 

3,200 

1,100 

1 

4 

i 

z 

2 

16,600 

9>950 

5,980 

4,400 

1,700 

a 

» 6 

I 

2 

16,600 

10,000 

8,080 

5440 

2,360 

1 

3 

i 

(2 Rows) 4 

16,100 

9,860 

7,830 

6,295 

3,100 

7 

1 g 

1 

J 

(2 Rows) 3 

13,600 

9750 

9,600 

7,090 

3,930 

1 

2 

7 

8 

(2 Rows) 3 

13,000 

9>i5o 

11,400 

7,690 

4,800 

9 

16 

I 

(2 Rows) 3i 

14,480 

10,050 

12,100 

8,545 


Steel Stack for Gary Tube Mills. — The self-supporting steel stack, 6 ft. 2 in. diameter and 
125 ft. high shown in Fig. 6, was built by the American Bridge Company for the Gary Tube 
Mills, Gary, Indiana. The plates were made of copper bearing steel containing from 0.25 to 
0.30 per cent copper. The plates are made thicker than required by the calculations on account 
of danger of corrosion. The stack is lined with a 6 in. brick lining with a i in. air space between 
the brick and the steel shell. 

The stack has a straight conical flare at the bottom 12 ft. 6 in. high. The diameter of the 
base of the flare is 10 ft. 4 in., the ratio of the diameter of the base to the diameter of the straight 
stack being as 5 to 3. 

The stack is anchored to the foundation by means of 8 anchor bolts 2\ in. diameter and 18 
ft. long. The anchor bolts are placed on the outside of the shell in pairs spaced 18 in. apart, 
the diameter of the anchor bolt ring being ii ft. 2 in. 

The steel ladder is provided with safety rungs spaced 2 ft. apart. The main ladder supports 
are angles 2i in x 2i in. x in., and the rungs are 2J in. by ^ in. bars spaced 12 in. apart. The 
vertical angles are fastened to the steel shell by means of angle lugs spaced about 12 ft. apart. 

All joints except the base have two rows of rivets with a staggered pitch of not less tjian 3 in. 

The steel plates were given a shop coat of iron oxide paint, and a field coat of black graphite 
paint. 

The base plate is made of cast iron, cast in two sections. The cast iron cap was cast in 
one section. 
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Fig. 6. Steel Stack for Gary Tube Mills. 





GENERAL SPECIFICATIONS FOR SELF-SUPPORTING STEEL STACKS. 


BY 

MILO S. KETCHUM, 
M. Am. Soc. C. E. 


1924. 


1. Definition. — A self-supporting steel stack is a chimney made of steel plates that is sup- 
ported on a foundation, the wind loads being transmitted directly to the foundation by cantilever 
action. Self-supporting steel stacks are commonly cylindrical. To give a larger base and to 
permit better entrance of flue gases the lower part of a steel stack is commonly given a conical 
flare. The economical ratio of the diameter of the cylindrical stack to the diameter of the base 
of the flare will ordinarily vary from j to The plates in the conical or bell mouth flare shall 
not be thinner than the thickness of the lower course in the cylindrical stack. Self-supporting 
steel stacks may be lined or unlined. 

2. Loads. — ^The dead load shall consist of the weight of the plates and structural steel, the 
top ring and ladder, the angles to support the lining, and the weight of the lining with its rein- 
forcement. 

3. The wind pressure shall be assumed as 25 lb. per sq. ft. acting horizontally in any direction 
on the projection of the stack. 

4. Unit Stresses. — All parts of the structure shall l>e pro^wrtioned so that the maximum 
stresses, except as specified in § 6 shall not exceed the following in lb. per sq. in. 


Tension on stack plates, net section 12,000 

Tension in anchor bolts and other structural parts, net section 16,000 

Compression on stack plates, gross section io,o<x> 

Shear on shop rivets 12,000 

Shear on field rivets 9,000 

Shear in plates. io,0(X) 

Bearing pressure on shop rivets and plates 24,000 

Bearing pressure on field rivets 18,000 

Bending stresses on shapes and built girders 16,000 

Bending stresses in pins 24,000 


5. For compression members the allowable stress shall be given by the formula 


p = 16,000 — 7o//r 


(I) 


where p = allowable stress in lb. per sq. in,, / = length of the member and r = least radius of 
gyration of the section, both in inches. For compression members the ratio Ijr shall not exceed 
125 for main members and 200 for secondary members. 

6. In combining the wind load stresses and the dead load stresses due to the weight of the 
stack and the lining, the dead load stresses may be neglected in designing the stack plates and 
joints if the dead load stresses are not more than 10 per cent of the stresses due to wind load. 
If the dead load stresses in the plates and joints exceed 10 per cent of the wind stresses, the sum 
of the stresses due to dead and wind loads shall be used, but with allowable tresses 10 per cent 
in excess of those permitted when dead load stresses are not considered, but the sections shall 
not be less than when dead load is not considered. 

7. The compressive stresses in plates due to wind pressure and dead loads shall not exceed 
10,000 lb. per sq. in. on the gross section of the plate, see § 6. 

8. Pressures on Masonry. — The pressures of bearing plates on masonry shall not exceed 
the following in lb. per sq. in. 


Brick masonry laid in cement mortar 200 

Portland cement concrete, 1-2-4 400 

First-class sandstone 300 

First-class limestone 400 

First-class granite * 600 


9. Details of Construction. — ^The plates forming the sides of the stack shall have the upper 
diameter less than the lower diameter so that each course shall telescope over the course below it. 

10. Vertical Joints. — ^The vertical joints in the cylindrical stack and conical flare shall pre- 
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ferably be lap joints. The vertical joints in the bell mouth flare of large stacks shall be butt 
joints. Vertical butt joints shall be used on plates having horizontal butt joints. 

11. Horizontal Joints. — For horizontal joints single-riveted lap joints shall preferably be 
used for i in. plates, double-riveted lap joints for ^ in. J in., and ^ in. plates, and triple-riveted 
lap joints for J in., ^ in. and J in. plates. Butt joints should be used for 'plates thicker than 
i in. 

12. Rivets. — Rivets | in. diameter shall preferably be used for J in. plates, rivets } in. diameter 
shall be used for Ar in. and g in. plates, J in. rivets shall be used for J in. yj and | in. plates. 
Rivets I in. in diameter shall be used for plates thicker than | in. 

Rivets shall be spaced so as to make the most economical scams. A table of riveted joints 
is given in Table IV. 

13. In no case shall the spacing of the rivets along the caulked edges of plates be more than 
10 times the thickness of the plates. The rivet spacing shall never be less than 2^ times the 
diameter of the rivet. 

14. Plates more than I in. thick and not more than J in. thick shall be sub-punched with a 
punch in. smaller than the nominal size of rivet, and shall be reamed to a diameter ^ in. 
larger than the rivet. Plates thicker than j in. thick shall be drilled. 

15. Minimum Sections. — I'he minimum thickness of plates in the stack shall be i in. and 
preferably stack plates shall not be less than 7*5 in. thick. 

16. Caulking. — All stack plates shall be sheared or planed to a proper bevel for caulking. 

17. All stack plates shall be caulked from the inside of the stack, and with a round-nosed 
caulking tool. The use of foreign material for caulking will not be permitted. 

18. Painter’s Trolley Track. — Near the top of the stack there shall be provided a Z-bar to 

act as a track for the painter’s trolley, and to stilTen the top of the stack. The section. modulus 
of this stiffening ring shall not be less than where d = diameter of stack in feet. 

19. Stiffening /^gles. — On large stacks or where n is less than 25 as calculated by formula 2, 
circular stiffening angles shall be provided in order to prevent buckling due to wind pressure. 

1 he distance between angles shall not be less in feet than 

n = goot'^'^ld (2) 

where t = thickness of plate in inches and d - diameter of stack in feet. 

20. Cap Ring. — The top of the stack shall generally have a cast iron cap ring. The ring 
.shall be bolted to the top of the .stack with non-corrosive bolts. 

21. Ladder. — There shall Ixj a ladder i ft. 3 in. wide extending from a point 8 ft. above the 
foundation.s to the top of the stack. Each ladder shall be made of zj in. x J in. bars wath j in. 
round rungs i ft, apart. Ladders on stacks more than 100 ft. in height shall be provided with 
safety rings made of 2 in. x J in. bars, braced on the outside with one 2 in. x | in. vertical bar. 
These rings shall have an inside clearance of not less than 24 in. in wadth and depth, and shall 
be spaced not more than 10 ft. apart vertically. 

22. Anchor Bolts. — The size and number of anchor bolts shall be determined by the maximum 
uplift due to wind pressure. The anchor bolts shall be not less than i -J in. in diameter and shall 
be set deep enough to take the neccss^iry uplift. Anchor bolts shall preferably be in pairs, one 
on the inside and the other on the outside of the steel shell, both fastened to the stack plates 

• with plate and angle connections. The lower ends of anchor bolts shall be provided with an 
anchor plate not less than J in. thick. Double anchor bolts shall have channel anchors. 

23. Flue Connections. — The connections for flues and breeching shall be reinforced with 
plates and angles so that the strength of the stack section shall not be reduced. 

24. Cleanout. — Where a cleanout is not provided in the foundation a cleanout door 18 in. 
by 24 in. shall be provided near the bottom of the stack. The opening for the cleanout door 
shall be properly reinforced. 

25. Base Plates. — The lower stack plates shall be connected to a l)ottom flange made of built 
plates and angles, or of cast steel. The flanges shall be riveted to the vertical plates and shall 
be fully bedded on the masonry. 

26. Lining. — The stack shall be lined or unlined as specified on the plans. If lined the 
lining shall be supported on curved angles riveted at the horizontal joints. The horizontal 
an gles shall be spaced vertically at distances not greater than one-half the diameter of the stack. 
Brick lining shall ordinarily be 4 in. thick. Fire brick shall be laid in fire clay while ordinary 
brick shall oe laid in cement mortar. The space between the brick work and the steel shell shall 
b^‘ grouted with i to 2 Portland cement mortar. 

27. Materials. — The steel for plates and shapes and bars shall be made by the open-hearth 
process and shall comply with the Specifications for Structural Steel for Buildings of the American 
Society for Testing Materials. If specified the steel for plates and shapes shall contain 0.30 
per cent copper. 
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28. Workmanship. — The workmanship and finish shall be equal to the best in modern shop 
practice. 

29. All material shall be thoroughly straightened in the shop by methods that will not injure 
't, before being laid off or worked in any way. 

30. The shearing shall be neatly done and all portions exposed to view shall have a neat 
and workmanlike finish. 

31. The size of each rivet shall be understood to be the actual size of the cold rivet before 

it is heated. • 

32. All plates and shapes shall be shaped to the proper curves by cold rolling; heating or 
hammering for straightening or curving will not be allowed. 

33. Plates to be scarfed may be heated to a cherry red color, but not hot enough to ignite 
a piece of dry wood when applied to it. 

34. All plates and shapes shall be punched before being bevel-sheared for caulking. 

35. The diameter of the die used in punching rivet holes shall not exceed that of the punch 
by more than A in. 

36. All punched and reamed holes shall be clean cut without torn or ragged edges. 

37. Rivet holes shall be accurately spaced; poorly matched holes if not sufficient for rejection 
shall be reamed and a larger rivet used in the hole thus reamed. 

38. The use of drift pins will be allowed only for bringing the parts of the structure together. 
Sufficient force shall not be used to enlarge rivet holes by drifting. 

39. Plates and other parts to be riveted shall be closely drawn together before driving the 
rivets. In stack plates not less than one-third of the holes shall be filled with erection bolts well 
drawn up before driving the rivets. 

40. Rivets shall be driven by power tools wherever possible. Pneumatic hammers shall be 
used in preference to hand driving. All rivet heads shall be concentric with the holes. 

41. All caulking shall be done with a round nosed tool, and only by experienced and skilled 
men. Caulking around rivet holes will not be allowed All loose rivets shall be cut out and be 
redriven. All fractured material shall be replaced free of cost to the purchaser. 

42. The inspector shall have free access at all times to all parts of the structure where the 
material is being fabricated. If the inspector through oversight or otherwise has accepted material 
or work which is defective or contrary to these specifications, this material no matter in what 
stage of completion may be rejected by the purchaser. 

43. Painting. — Before leaving the shop all steel work shall receive one coat of approved 
paint or boiled linseed oil mixed with one ounce of lampblack to each gallon of oil. 

44. After the structure is erected and all seams are caulked, the steel work shall be painted 
both inside and outside with two coats of approved paint. Painting done in the open air shall 
never be done in wet or freezing weather. 

45. Masonry Fotmdations. — The allowable pressure on firm clay or gravel should not ordi- 
narily exceed 3,000 lb. per sq. ft. In all cases a thorough examination should be made of the 
ground and site before designing or constructing the foundations. For high self-supporting steel 
stacks if there is any question about the bearing power of the soil, the masonry should be carried 
on piles. 

All foundations shall be carried well below frost line, and the anchor bolts shall be placed 
deep enough to develop their full strength. 

46. Foundations shall be made of i part Portland cement, 2 parts sand and 4 parts gravTl 
or broken stone. The concrete shall be mixed and placed in accordance with the most approved 
practice. 

47. If the self-supporting steel stack is supported on a steel substructure, the latter shall 
conform to Ketchum’s “Specifications for Steel Frame Buildings,” Chapter 1 . 



CHAPTER XII. 


Structural Drafting. 

Plans for Structures. 

Introduction. — The plans for a structure must contain all the information necessary for the 
dusign of the structure, for ordering the material, for fabricating the structure in the shop, for 
erecting the structure, and for making a complete estimate of the material used in the structure. 
ICvcry complete set of plans for a structure must contain the following information, in so far as 
the different items apply to the particular structure. 

In writing this chapter the instructions of many bridge companies have been consulted; 
special credit being due the instructions prepared by the American Bridge Company, the Penn- 
sylvania Steel Company, and the McClintic-Marshall Construction Company. 

1. General Plan. — This will include a profile of the ground; location of the structure; ele- 
vations of ruling points in the structure; clearances; grades; (for a bridge) direction of flow, high 
water, and low water; and all other data necessary for designing the substructure and super- 
structure, 

2. Stress Diagram. — This will give the main dimensions of the structure, the loading, stresses 
in all members for the dead loads, live loads, wind loads, etc., itemized separately; the total 
ma.xirnum stresses and minimum stresses; sizes of members; typical sections of all built members 
sliowing arrangement of material, and all information necessary for the detailing of the various 
parts of the structure. 

3. Shop Drawings. — Shop detail drawings should be made for all steel and iron work and 
detail drawings of all timber, masonry and concrete work. 

4. Foundation or Masonry Plan. — The foundation or masonry plan should contain detail 
drawings of all foundations, walls, piers, etc., that support the structure. The plans should 
show the loads on the foundations; the depths of footings; the spacing of piles where used; the 
proportions for the concrete; the quality of masonry and mortar; the allowable bearing on the 
soil; and all data necessary for accurately locating and constructing the foundations. 

5. Erection Diagram. — The erection diagram should show the relative location of every part 
of the structure; shipping marks for the various members; all rqain dimensions; number of pieces 
in a member; packing of pins; size and grip of pins, and any special feature or information that 
may assist the erector in the field. The approximate weight of heavy pieces will materially assist 
the erector in designing his falsework and derricks. 

6. Falsework Plans. — For ordinary structures it is not common to prepare falsework plans 
in the office, this important detail being left to the erector in the field. For difficult or important 
work erection plans should be worked out in the office, and should show in detail all members and 
connections of the falsework, and also give instructions for the successive steps in carrying out 
the work. Falsework plans are especially important for concrete and masonry arches and other 
concrete structures, and for forms for all walls, piers, etc. Detail plans of travelers, derricks, 
etc., should also be furnished the erector. 

7. Bills of Material. — Complete bills of material showing the different parts of the structure 
with its mark, and the shipping weight should be prepared. This is necessary in checking up 
the material to see that it has all been shipped or received, and to check the shipping weight. 

8. Rivet List. — The rivet list should show the dimensions and number of all field rivets, 
field bolts, spikes, etc., used in the erection of the structure. 

9- List of Drawings. — A list should be made showing the contents of all drawings belonging 
to the structure. 
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Structural Drawings. 

methods. — ^T he drawings for structural steel work differ from the drawings for machinery 
in that (a) two scales are used, one for the length of the member or the skeleton of the structure, 
and one for the details; (b) members are commonly shown by one projection; and (c) the drawings 
are not to exact scale, all distances being governed by figures. 

Two methods are used in making shop drawings. 



Fig. I. Truss Joint, Completely Detailed. 


(1) The first method is to make the drawings so complete that the templets can be made 
for each individual piece on the bench. This method is used for all large trusses and members, 
and where there is not room to lay the member out on the templet shop floor. The details for the 
joint of a Fink roof truss completely detailed are shown in Fig. i. A joint of a roof truss of the 
locomotive shop of the A. T. & S. F. Ry., at Topeka, Kansas, is completely detailed in Fig. 2. 

( 2 ) The second method is to give on the drawings only sufficient dimensions to locate the 
position of each member, the number of rivets, and the sizes of members, leaving the details to 
be worked out by the templet maker on the laying-out floor. Sufficient data should be given 
to definitely locate the main laying-out points. The interior pieces should be located by center 
lines corresponding to the gage lines of the angles, or center line of the piece, as the case may be. 
The rivet spacing should be given complete for members detailed on different sheets, or where 
it is necessary to obtain a required clearance, and other places where it will materially assist the 
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templet maker. The drawings should indicate the number and arrangement of the rivets in each 
connection, as well as the maximum, the usual and the minimum rivet pitch allowed. Sketch 
details of the joint which was completely detailed in Fig. i are shown in Fig. 3, and the outline 
details of a roof truss by the second method are shown in Fig. 4. 



Fig. 2. Joint of Roof Truss Completely Detailed. 
(Section of Shop Details cf Roof Truss.) 


Members may be detailed in the position which they are to occupy, or they may be detailed 
separately. For riveted trusses and riveted members the entire truss or member should be 
detailed in position. The detail shop plans for a riveted brace are shown in Fig. 5. The field 
rivets are shown by black and the shop rivets by open circles. The center lines are indicated by 
dotted lines. Light full black lines are commonly used for dimension lines, while red dimension 
lines are sometimes used but do not make as good blue prints as black lines. 

RULES FOR SHOP DRAWINGS.— The following rules are essentially those in use by 
the best bridge and structural shops. 

Size of Sheet — ^The standard size of sheet shall be 24 X 36 in. with two border lines 1 and i in. 
"om the edge respectively, see Fig. 6. Sheets 18 X 24 in. with two border dines J and i in. 
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from the edge respectively, may also be used. For beam sheets, bills of material, etc., use letter 
,«ize sheets 8 J X 1 1. in. 

Title. — The title shall be arranged uniformly for each contract and shall be placed in the 
lower right hand corner. The title shall contain the name of the job, the description of the 
details on the sheet, the number of the sheet, spaces for approval and other information as shown 
in Fig. 6. 

Scale. — The scale of the lengths of the members or skeleton of the structure shall be J, or 
or J in. to i ft., depending upon the available space and the complexity of the member or structure. 
Shop details shall as a rule be made i or i in. to i ft. For small details and 3 in. to i ft. may 
be used; while for large plate girders 1 or | in. to i ft. may be used. 

Views Shown. — Drawings shall be neatly and carefully made to scale. Members shall be 
detailed in the p>osition which they will occupy in the structure; horizontal members being shown 
lengthwise, and vertical members crosswise on the sheet. Inclined members (and vertical members 



when necessary on account of space) may be shown lengthwise on the sheet, but then only with 
the lower end on the left. Avoid notes as far as possible; where there is the least chance for 
ambiguity, make another view. 

In truss and girder spans, draw the inside view of the far truss, left hand end, Fig. 7. The 
piece thus shown will be the right hand, and need not be marked right. In cases where it is 
necessary to show the left hand of a piece, mark “left-hand shown” alongside the shipping mark. 

Show all elevations, sections and views in their proper position, looking toward the member. 
Place the top view directly above, and the bottom view directly below the elevation. The bottom 
view should always consist of a horizontal section as seen from above. 

In sectional views, the web (or gusset plate) shall always be blackened; angles, fillers, etc., 
may be blackened or cross-hatched, but only when necessary on account of clearness. In a plate 
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girder, for example, it is not necessary to blacken or cross-hatch all the fillers and stiffeners in the 
bottom view. 

Holes for field connections shall always be blackened, and shall, as a rule, be shown in all 
elevations and sectional views. Rivet heads shall be shown only where necessary; for example, 
at the ends of members, around field connections, when countersunk, flattened, etc. In detailing 
members which adjoin or connect to others in the structure, part of the latter shall be shown in 

/. 



33 


Fig. 4. Truss, Sketch Detailed. 
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Fig. 8. Shop Details of End-post of a Truss Bridge. 
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Fig. 9. Shof" Details of Top Crord of \ Truss Bridge. 
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dotted lines, or in red, sufficiently to indicate the clearance required or the nature of the connection. 
Plain building work is exempted from this rule. 

A diagram to a small scale, showing the relative position of the member in the structure, 
shall appear on every sheet, Fig. 8 and Fig. 9. The members detailed on the sheet shall be shown 
by heavy black lines, the remainder of the structure in light black lines. Plain building work is 
exempt from this rule. 
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Fig. 10. Conventional Signs for Rivets. 


When part of one member is detailed the same as another member, figures for rivet spacing 
need not be repeated; refer to previous sheet or sheets, bearing in mind that these must contain 
final information. It is not permissible to refer to a sheet, which in turn refers to another sheet. The 
section, finished length, and the assembling mark for each member shall be shown on every sheet. 
Main dimensions which are necessary for checking, such as c. to c. distances, story heights, etc., 
shall be repeated from sheet to sheet. Holes for field connections must always be located inde- 
pendently, even if figured in connection with shop rivets; they shall be repeated from sheet to 
sheet unless they are standard, in which case they shall be identified by a mark and the sheet 
given on which they are detailed. 

The quality of material*, workmanship, size of rivets, etc., shall be specified on every sheet as 
far as it refers to the sheet itself. Standard workmanship need not be specified on each sheet. 

Lettering. — Engineering News lettering as developed by Reinhardt in his book on freehand 
lettering shall be used on all drawings. Preferably main titles and sub-titles shall be vertical 
and the remainder of the lettering inclined; The height of letters shall be as follows: Main titles — 
capitals 15/50 in., small capitals 12/50 in.; sub-titles — capitals, full height lower case letters and 
numerals 5/20 in., lower case letters 3/20 in.; other lettering — capitals, full height lower case letters 
and numerals 5/30 in., lower case letters 3/30 in. Where the drawing is crowded the body of the 
lettering may be 5/40 in. and 3/40 in. respectively. The following pens are recommended; For 
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titles Leonardt & Co.’s Ball-Pointed No. 516F ; for all other lettering Hunt Pen Co.'s extra fine Shot 
Point, No. 512. No pen finer than Gillott's No. 303 should be used. Light pencil guide lines 
shall be drawn for all lettering. All tracings shall be made on the dull side of the tracing cloth. 
Erasures shall be made with soft rubber pencil eraser and a metal shield. Rubber erasers con- 
tailPting sand destroy the surface of the cloth and make it difficult to ink over the erased spot. 
The use of knives or steel erasers will not be permitted. Tracings shall be cleaned with a very 
soft rubber eraser, and not with gasolene or benzine, which destroy the finish of the tracing cloth. 
All lines shall preferably be made with black India ink; full lines to represent members, dash and 
dot to represent center lines, and dotted lines (or full light black lines) to represent dimension 
lines. If permitted by the chief draftsman red ink may be used for dimension and center lines. 
The ends of dimension lines shall, however, always be indicated by arrows made with black 
ink. 

Conventional Signs. — Conventional signs for rivets are shown in Fig. 10. Countersunk 
rivets project J in.; if less height of rivets is required, drawings shall specify that they are to be 
chipped, or the maximum projection may be specified. Flattened heads project i in. to ^ in.; 
if less height of heads is required, they shall be countersunk. Metals in section shall be shown 
as in Fig. ii. Standards for rivets and riveting are given in Part II, which see. 

Marking System. — A shipping mark shall l)e given to each member in the structure, and no 
dissimilar pieces shall have the same mark. The marks shall consist of capital letters and num- 
erals, or numerals only; no small letters shall be used except when sub-marking becomes absolutely 
necessary. The letters R and L shall be used only to designate “right” and “left.” Never use 
the work “marked” in abbreviated form in front of the letter, for example say, 3 Floorbeams G4, 
and not, 3 Floorbeams, Mk. G4. Whenever a structure is divided up into different contracts care 
should be taken not to duplicate shipping marks. Pieces which are to be shipped bolted on a 



steel Steel Cast Iron Cast Steel Bronze 


Fig. II. Conventional Signs for Metals. 

member shall also have a separate mark, in order to identify them should they for some reason 
or another become detached from the main member. The plans shall specify which pieces are 
to be bolted on for shipment, and the necessary bolts shall be billed. For standard marking 
system for a truss bridge, sec Fig. 7. 

A system of assembling marks shall be established for all small pieces in a structure which 
repeat themselves in great numbers. These marks shall consist of small letters and numerals 
or numerals only; no capital letters shall be used; avoid prime and sub-marks, such as A/a'. Pieces 
that have the same assembling mark must be alike in every respect; same section, length, cutting 
and punching, etc. 

Shop Bills. — Shop bills shall be written on special forms provided for the purpose. When 
the bills appear on the drawings as well, they shall either be placed close to the member to which 
they belong or on the right hand side of the sheet. When the drawings do not contain any shop 
bills, these shall be so written that each sheet can have its bill attached to it if desired; one page of 
shop bills shall not contain bills for two sheets of drawings. In large structures which are sub- 
divided into shipments of suitable size, both mill and shop bills must be written separately for 
each shipment. In writing the shop bill bear in mind that it shall serve as a guide for the laying 
out and assembling of the member, besides being a list of the material required. For this reason 
members which are radically different as to material shall not be bunched in the same shop bill, 
neither shall pieces which have different marks be bunched in the same item, even if the material 
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is the same. Bill first the main material in the member, and follow with the smaller pieces, begin- 
ning at the left end of a girder, or at the bottom of a post or girder. On a column each different 
bracket shall be billed complete by itself. Do not bill first all the angles and then all the flats; 
for example when the end stiffeners in a girder are billed, the fillers belonging to them shall follow 
immediately after the angles, and so on. 

When machine- finished surfaces are required, the drawing and the shop bill shall specify the 
finished width and length of the piece, the proper allowance for shearing and planing being made 
in the mill bill. When the metal is to be planed as to thickness, the drawing and the shop bill 
shall specify both the ordered and the finished thickness; one pi. 15 in. X J in. X i ft. 6 in. (planed 
from 13/16 in.). 

Field Rivets. — A “ Bill of Field Rivets’* shall be made for each structure. The “ Bill of Field 
Rivets” shall give in order the number, diameter, grip, length and the location of the rivets in 
the structure. The number of field rivets to be furnished to the erector shall be the actual number 
of each diameter and length required, plus 15 per cent, plus 10. 

Field bolts shall be billed on “bill of rivets and bolts” only. Bill them similarly to field rivets, 
and give the drawing number on which they are shown; 4 — bolts g in. X 2 in. grip, 3 in. U. H. 
stringers “S” to floorbeam “F” drawing No. 13, 4 hex. (or 4 square) nuts for above bolts. Bill 
of bolts and bill of field rivets shall be prepared and placed in the sho[) in time to be made with 
other material. 

General Notes. — Full information regarding the following points shall appear on the drawings, 

where practicable as “General Notes.” Loading , Specifications Material 

Rivets Open Holes Reaming Requirements , Other Special 

Requirements Painting. 

Erection Plan. — Make erection plans simultaneously w ith the shop plans, and keep same up 
to date. The erection plans must show plainly the style of connections; joints in pin spans arc to 
be shown separately to a larger scale. For the erection plan of a truss bridge vse e Fig. 7. Shipping 
bills showing the number of pieces, erection mark, and weight shall be made for each shipment. 

Subdivisions. — Every contract embracing different classes of work shall have a subdivision 
for each class. These subdivisions will be furnished by the chief draftsman. Drawings, shop 
and shipping bills must be kept separate for each class. 

PLATE GIRDER BRIDGES. — General Rules. — The plate girder span shall be laid out 
with regard to the location of web splices, stiffeners, cover plates, and in a through span, floor- 
beams and stringers, so that the material can be ordered at once. Locate splices and stiffeners 
with a view of keeping the rivet spacing as regular as possible; put small fractions at the end of 
girder. Stiffeners, to which cross-frames or floorbeams connect, must not be crimf)ed, but shall 
always have fillers. The outstanding leg shall not be less than 4 in., gaged 2J in.; this will enable 
cross-frames or floorbeams to be swung into place without spreading the girders. The second pair 
of stiffeners at the end of girder over the bed-plate shall be placed so that the plate will project 
not less than i in. beyond the stiffeners. 

Always endeavor to use as few sizes as possible for stiffeners, connection plates, etc., and 
avoid all unnecessary cutting of plates and angles. For this purpose legate end holes for laterals 
and diagonals so that the members can be sheared in a single operation. In spans on a grade, 
unless otherwise specified, put the necessary bevel in the bed-plate and not in the base-plate. 
In short spans, say up to 50 ft. put slotted holes for anchor- bolts in both ends of girders, J in. 
larger diameter than the anchor bolts. 

In square spans, show only one-half, but give all main dimensions for the whole span. In 
skew spans show the whole span; when the panels in one-half of span are same as in the other 
half, give the lengths of these panels, but do not repeat rivet-spacing, except where it differs. 

In the small scale diagram, which shall appear on every sheet, unless span is drawn in full, 
show the position of stiffeners, particularly those to which cross-frames or floorbeams connect. 

Deck Plate Girder Spaiis. — On top of sheet show a top view of span, with cross-frames, 
laterals and their connections complete, with the girders placed at right distances apart. Below 
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this view show the elevation of the far girder as seen from the inside, with all field holes in flanges 
and stiffeners indicated and blackened. At one end of the elevation show in red the bridge-seat 
and back wall, give figures for distance from base of rail to top of masoniy, notch of ties, depth 
of girder, thickness of base-plate and of bed-plate or shoe. When the other end of girder has a 
different height from base of rail to masonry, give both figures at the one end, and specify “for 
this end” and “for other end.” If span has bottom lateral bracing, a bottom view (horizontal 
sc'ction) shall be shown below the elevation. When no bottom laterals are required, show only 
end or ends of lower flange of girder, giving detail of base-plate and its connection to the flange. 
Detail the bed-plate separately, never show it in connection with the base-plate. 

Cross-frames shall, whenever possible, be detailed on the right hand of the sheet in line with 
the elevation. The frame shall be made of such depth as to permit it being swung into place with- 
out interfering with the heads of the flange rivets in the girders. Always use a plate, not a washer 
with one rivet, at the intersection of diagonals. In skew spans it is always preferable to have an 
uneven number of panels in the lateral system. 

Through Plate Girder Spans. — Show on top of sheet an elevation of the far girder as seen from 
inside; below this view show a horizontal section of span as seen from above with the lateral system 
detailed complete. It is generally best to show floorbeams and stringers in red in this view and to 
detail them on a separate sheet. The stiffeners in a through span should always be arranged so 
that the floor system can be put in place from the center towards the ends. What is said under 
“ deck spans ” about showing bridge-seat, back wall, detailing bed-plate separately, etc., applies 
to through spans as well. 

TRUSS BRIDGES. — General Rules. — Before any details are started all c. to c. lengths of 
chords, posts, diagonals, etc., shall be determined, and sketches made of shoes, panel-points, 
splices, etc., so that the material can be ordered as soon as required. 

If not otherwise specified, camber shall be provided in the top chord by increasing the length 
i in. for every lo ft. for railroad bridges, and A for every lo ft. for highway bridges. This 
increase in length shall not be considered in figuring the length of the diagonals, except in special 
cases, as directed by the engineer in charge. Half the increase in length shall be considered in 
figuring the length of the top laterals. Particular attention must be paid to what is said under 
“General Rules’^ about showing part of adjoining member in red, and about the small scale dia- 
gram on every sheet. 

For every truss bridge an erection diagram shall be made on a separate sheet, giving the ship- 
ping marks of the different members and all main dimensions, such as c. to c. trusses, height of truss, 
number and length of panels, length of diagonals, distance from base of rail to masonry, distance 
from center of bottom chord or pin to masonry, size and grip of pins (Fig. 7), also show in larger 
scale the packing at panel points, state any sjK'cial feature which the erector needs to look out for, 
and give approximate weight of heavy and important pieces when their weight exceeds five tons. 
If in any place it is doubtful whether rivets can be driven in the field, the erection diagram and 
also the detail drawings shall state that “turned bolts may be used if rivets cannot be driven.” 
A list giving number and contents of drawings belonging to the bridge shall also appear on the 
erection diagram sheet. 

Riveted Truss Bridges. — In square spans, not too large, show the left half of the far truss as 
seen from the inside and detail all members in their true position, making scale of the skeleton one- 
half the scale of the details. In skew spans, not symmetrical, show the whole of the far truss. In 
large spans detail every member separately. When detailing web members bear in mind that the 
intersection point on the chord must not Itc used as a wwking point for a member which stops 
outside of the chord, A si'parate working point, preferably the end rivet, shall be established on 
the member proper, and shall be tied up with the intersection point on the chord. 

The clearance between the chord and a web member entering same shall, whenever possible, 
be not less than J in. in heavy and tV in. in light structures. 

Members shall be marked with the panel points between which they go, for example, end- 
post L(rUi\ hip vertical U\-Li\ top chord Ui-C/f, etc., see Fig. 7. 
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Pin-connected Truss Bridges. — In pin-connected truss bridges detail the left half of the far 
truss as seen from the inside, every member by itself. It is generally best to commence with the 
end-post, showing it lengthwise on the sheet with the lower end to the left; then the first section 
of the top chord, and so on. The packing at panel points shall, whenever possible, be so arranged 
that, besides the customary allowance of in. for every bar, a clearance of not less than | in. can 
be provided between the two sides of the chord. When two or more plates are used, ^ in. should 
in addition be allowed for each plate. Members shall be marked the same as for riveted truss 
bridges, with the panel points between which they go, see Fig. 7. 

Order of Detailing Truss Spans. — In making detail plans and bills of material the following 
order shall be followed for truss spans. 


I. General drawing; 

7. Upper laterals; 

2. End-posts; 

8. Lower laterals; 

3. Upper chords; 

9. Floorbeams; 

4. Lower chords; 

10. Stringers; 

5. Intermediate posts; 

II. Castings, bolts, eye-bars, pins, etc. 

6. Sway bracing; 



OFFICE BUILDINGS AND STEEL FRAME BUILDINGS.— Number of Drawings.— The 
different sheets shall be numbered consecutively, whether large or small. No half numbers are 
permissible except in emergency cases. It is always well to arrange the number so that the sheets 
follow in the order in which the material is required at the building. The following is generally 
a good order: 

1. Floor plans for all floors; 

2. Column schedule; 

3. Cast-iron bases for columns; 

4. Foundation girders; 

5. Foundation beams; 

6. First tier of columns; , 

7. Riveted girders, connecting to first tier of columns 

8. Beams connecting to first tier of columns; 

9. Miscellaneous material for above; 

10. Second tier of columns, etc., etc. 

Floor Plans. — Floor plans, Fig. 12, shall, as a rule, be made to a scale i in. to 1 ft. A separate 
plan shall be made for each floor, unless they are exactly alike. Columns shall be marked consec- 
utively with numerals, the word Col. always appearing in front of the numeral, for example. 
Col. 20. The architect or engineer has generally on his drawing adopted a system of marking for 
the columns, which should be adhered to, unless altogether too impracticable. Riveted girders 
shall be indicated with two (2) fine lines when they have cover plates, and with four (4) fine lines 
when they have no cover plates. They shall be marked consecutively with numerals, using the 
same marks for girders which are alike. Beams and channels shall be indicated with one single 
heavy line. They shall be marked the same as girders, with numerals, using same marks when 
alike. Tic-rods shall be indicated with one single fine line; they need not have any marks. The 
marking system shall be as uniform as possible for the different floors, i. c., a beam which goes 
between Col. 2 and Col. 3 shall be marked with the same numeral throughout all the floors. All 
figures necessary for making the details shall, as a rule, appear on the floor plan, care being taken 
in writing same to leave room for the erection marks, which must be printed in heavy type above 
the line or lines representing a beam or girder. 

Column Schedule. — For every large building a schedule of the columns shall be made before 
the details are started, see Fig. 13. Each column, even should several be alike, shall have a separ- 
ate space, in which shall be given the material and the finished length. As soon as the detail 
drawings for one tier of columns are finished the sheet numbers shall be inserted as shown on the 
sample schedule, Fig. 13, making the schedule serve as an index for the column drawings. 
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Columns. — Columns shall, whenever possible, be drawn standing up on the sheets as they 
appear in the building. If it becomes necessary to draw them lengthwise on the sheet, the base 
shall be to the left. Particular attention shall be paid to establishing a marking system for 
brackets, splice-plates, etc. A summary of all these standard pieces shall be made for each tier 




/?// Tie Rods^ "Diam. 

PH Wa// P/a tea standard. 
Top of Plate G/rders in Wall 
/ above Floor Line, 


Fig. 12. Floor Plans for Office Buildings. 


and sent to the shop as early as practicable, in order that they may be gotten out before the main 
material is taken up. The material for the small pieces shall, as far as possible, be chosen from 
stock sizes. Columns shall be marked with the numbers of the floors between which they go; 
Col. 5 (1-3). The lower tier is best marked “ Basement Tier.*’ Standard details for columns are 
given in Fig. 14 and Fig. 15. 

Riveted Girders. — Girders shall be marked with the number of the floors, not with letters. 
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unless requested; for example, 2d Floor, No. 5. What is said under columns about marking system 
for standard pieces applies to girders as well. When a girder is unsymmetrical about the center 
line, and a question may arise how to erect it, one end shall be marked with the number of the 
column to which it connects, or with North, South, East or West. Girders must not be bunched 



NOTE'-Fi’i^ures in 



Fig, 13. Column Schedule for Office Buildings. 

together for the different floors more than to meet the requiVements in the field; but they must 
correspond to the tiers of columns as they will be erected. 

Beams. — Beams shall be drawn on the standard forms provided for the purpose. They 
need not be drawn to scale, see Fig. 16 and Fig. 17. Beams shall be marked the same as girders 
with the number of the floor; One 12" I @ 40 lb. X (Mark) 2d Floor No. 35. What 

b said under girders about marking one end, when not symmetrical around the center line, and 
about not bunching the different floors more than to meet the requirements in the field, applies 
to beams as well. 

Whenever possible use standard framing angles. Tables 1 17 and 1 18, Part II. If it is deemed 
necessary to use 6 in. X 6 in. angles, punch both legs the same as the 6 in. leg of standard ; in 3§ in. X 
3 Jin. or 4 in. X 3I in. angles, punch both legs the same as 4 in. leg of standard. It is not abso- 
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lutely imperative that the gageof the framing angles shall be standard as long as the vertical distance 
between the holes and in the 6 in. leg the horizontal distance ( 2 i in.), are kept standard. Holes 
for connections, tic-rods, etc., shall be located from one end of the beam, preferably the left. If 
one end rests on the wall and the other end is framed, then figure from the latter end, be it right 



or left. This rule may be dispensed with in case of numerous holes regularly spaced in web or 
flange for connection of shelf-angles, buckle-plates, etc. The allowed overrun at ends of beams 
must always be indicated, either by giving figures or by showing wall bearing. Holes at the end 
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of beam for anchors are best figured from wall end, not connecting them with other figures. The 
distance between end holes in beams which connect through web or flange to columns, girders, etc., 
shall always be given. When framing angles are standard, do not give any figures for cither shop 
or field rivets, except the distance from bottom of beam to center of connection or to first holes in 
framing angle, and the horizontal distance between field holes. When special framing angles arc 
used, the fact must be noted and figures given for gages, etc. For standard connection holes in 
web of beam all figures required are the distance from bottom of beam to centre of connection or 
to first hole and the horizontal distance between holes. Whenever possible use standard punching. 
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Steel Frame Mill Buildings. — ^The preceding methods will need considerable modification 
mr steel frame mill buildings. 

Columns. — Details of steel columns for steel mill buildings are shown in Chapter I and in 
Fi^r. i 8 b and Fig. i 8 c. The column in Fig. i 8 b carries one end of a truss with a knee brace and 
also carries a crane girder. Details of column bases are shown in Fig. i 8 c. 

Plate Girders. — Details of two plate girders designed to carry a moving crane are given in 
Fig. i8d. The top flanges are made of two angles and a cover plate, while the bottom flanges 
are made of two angles. Girder G 9 is designed to be riveted to a column, while girder Gio is 
designed to rest on a pedestal and also to carry a second girder which is to be riveted to the end 
stifTeners. The stiffeners have fillers under them, making crimping- unnecessary. The inter- 
mediate stiffeners might have been crimped over the flange angles and the filler omitted. Fillers 
should always be used under the end stiffeners. 
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Fig. i8d. Details of Craxe (iIrders. American Bridge Company. 
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Erection Plans for Steel Mill Buildings. — ^The method of making erection plans for steel 
frame mill buildings shown in Fig. i8e has been found to be very satisfactory. 

Where framework is symmetrical about a center line, as trusses and end bents, the members 
that are reversed should be marked R (right) and L (left). The right hand side of the end bent 
is determined by looking outward. Mark trusses Ti, Ta, Ts, etc. Mark posts Ci, Ca, Ca, etc. 
Mark purlins Pi, Pa, Ps, etc. Mark struts 5i, 8%, Sz, etc. Mark girts Pi, Pj, Pa, etc. Mark 
bracing Di, Pa, Ps, etc. The scheme can be modified to suit special conditions. 

A foundation plan showing the piers and location of the anchor bolts should be prepared in 
addition to the erection plan in Fig. i8e. 

DETAIL NOTES. — Sections. — End views of sections shall be shown as in (a) Fig. 19, and 
sections shall be cross-hatched or blackened as shown in (b) Fig. 19. 

Assembling Note. — Covers, webs, flange angles, etc., must not be marked alike when it 
would be necessary to turn them end for end, see (c) Fig. 19. 

Rivet Spacing. — Riv’ct spacing must be tied up from end to end. 


I 



(a) (b) 


3 ' 4 ' 3 ' / 3 ' 3 '’ 



Fig. 19. 


Connection Plates. — In detailing connection plates wherever bevel for holes on lines “b,” 
(d) and (e) Fig. 19, is different, spacing for holes on lines ''a" should be made different to prevent 
plates from being interchanged. 

Writing Angles. — In writing angles give the longer leg first, i-L 6" X 4" X i" X io'~oi". 

Writing Plates.— In writing plates the width of the plate is given in inches, the thickness in 
inches, and the length in ft. and in.; 2-PI. 48" X i" X is'-ol". A length of 9 in. should be 
written o'-9" and not 9". The width of a plate is the dimension at right angles to the length 
of tITe member, while the length of a plate is the dimension parallel to the length of the member 
to which the plate is attached; except that for lacing bars, tie plates and other universal mill 
plates 6 inches and less in width the least dimension is taken as the width of the member, and 
for splice plates the width is the dimension at right angles to the splice. 

Writing Sections. — Sections are written as follows: i-I 12" @ 40 lb. X l6'-3}". 

Miscellaneous. — Bevels may be shown as so many inches in 12", (a) Fig. 20; or where con- 
venient the total lengths may be given as in (b) Fig. 20. The latter method is the better as it 
assists the checker and the templet maker. 

The maximum amount that one leg of an angle can be bent is 45®. For a greater bend than 
45® a bent plate shall be used, (c) Fig. 20. 

The center to center length of stiff laterals should be not less than A in. short. 

Do not use 2 sizes of rivets in the same leg, or same angle, or same piece unless absolutely 
necessary. 
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Where unequal legged angles are used mark the width of one leg of the angfle on the leg. 

Where heavy laterals are spliced in the middle by a plate, ship the plate riveted to one angle 
only. 

Do not countersink rivets in long pieces unless absolutely necessary. 

Do not draw any more of a member than necessary, and do not dimension the same piece 
several times. 

Revising Drawings. — When drawings have been changed after having been first approved, 
they must be marked, Revised (give date of revision). 



Measuring Angles. — All measurements on angles are to be made from the back of the angle, 
and not from the edge of the flange. The center to center distance between open holes should 
always be given for each piece that is shipped separate, in order that the inspector can check the 
piece. 

Width of Angles. — The widths of the legs of angles arc greater than the nominal widths, 
unless the angle has been rolled with a finishing roll. The over-run for each leg is equal to the 
nominal width of the leg plus the increase in thickness of leg made by spreading the rolls. For 
example finishing rolls arc used for rolling 3" X 3" angles with a thickness of The actual 
length of the leg of a 3" X 3" angle is as follows: angle 3" X 3" X i", leg 3"; angle 3" X 3" X A", 
leg 3A"; angle 3'' X 3" X i", leg 3i"; angle 3" X 3" X leg 3i''; angle 3" X 3" X f", 
leg 3i". 

The over-run of Pcncoyd angles arc given in Table 27, Part II; and the over-run of Pennsyl- 
vania Steel Company’s angles are given in Table 28, Part II. 

POINTS TO BE OBSERVED IN ORDER TO FACILITATE ERECTION.— The first 
consideration for case and .safety in erection should be to so arrange all details, joints and con- 
nections that the structure may be connecter! and made self-sustaining and safe in the -shortest 
time possible. Entering connections of any character .should be avoided when possible, notably 
on top chords, floorbeam and stringer connections, splices in girders, etc. When practicable, 
joints should be so arranged as to avoid having to put members together by entering them on end, 
as it is often impossible to get the necessary clearance in which to do this. In all through spans 
floor connections should be so arranged that the floor system can be put in place after the trusses 
or girders have been erected in their final position, and vice versa, so that the trusses or girders 
can be erected after the floor system has been set in place. All lateral bracing, hitch-plates, rivets 
in laterals, etc., should, as far as possible, be kept clear of the bottoms of the tics, it being expensive 
to cut out ties to clear such obstructions. Lateral plates should be shipped loose, or bolted on 
so that they do not project outside of the member, whenever there is danger of their being broken 
off in unloading and handling. Loose fillers should be avoided, but they should be tacked on with 
rivets, countersunk when necessary. 

In elevated railroad work, viaducts and similar strucjtures, where longitudinal girders frame 
into cross girders, shelf angles should be provided on the latter. In these structures the expansion 
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C/earsnce **d should never be /ess than ^ " 

Clearance ^ should never be less than j" From center line to each piece, and 
where possible should be j"* 

Clearance should never be less than and as a rule should he 

Always give Figure For distance ^m^^on detail For use oF checker* 

When standard Framing angles are used, make **m**^6i * 

Clearances g/ven should be allowed In addition to overrun oF angles • 


Fig. 22. Clearance Standards. American Bridge Company. 
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Fig. 33. Stahoaeds for Lacing Bars. Ahbrican Bridge Company. 
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joints should be so arranged that the rivets connecting the fixed span to the cross girder can be 
driven after the expansion span is in place. In viaducts, etc., two spans, abutting on a bent, 
should be so arranged that either span can be set in place entirely independent of the other. The 
same thing applies to girder spans of different depth resting on the same bent. Holes for anchor- 
bolts should be so arranged that the holes in the masonry can be drilled and the bolts put in place 
after the structure has been erected complete. 

In structures consisting of more than one span a separate bed-plate should be provided for 
each shoe. This is particularly important where an old structure is to be replaced; if two shoes 
were put on one bed plate or two spans connected on the same pin, it would necessitate removing 
two old spans in order to erect one new one. In pin-connected spans the section of top chords 
nearest the center should be made with at least two pin-holes. In skew spans the chord splices 
should be so located that two opposite panels can be erected without moving the traveler. Tie 
plates should be kept far enough away from the joints and enough rivets should be countersunk 
inside the chord to allow eye-bars and other members being easily set in place. Posts with 
channels or angles turned out and notched at the ends should be avoided whenever possible. 

ORDERING MATERIAL. — Bridge Work. — Ordinarily plates less than 48 in. wide are 
ordered U. M. (universal mill or edge plates), but when there is no need for milled edges and 
prompt delivery is essential specify either U. M. or sheared. Never order widths in eighths. 
Flats and universal (edge) plates over 4 in. in width should be ordered in even inches, flats under 
4 in. should be ordered by i in. variation in width. Flats } in. and under in thickness are very 
difficult to secure from the mills and should be avoided if possible. 

Rolling mills are allowed a variation of i in. in width of plates, over or under, and a variation 
of i in, in length, over or under, from the ordered width or length. Rolling mills are allowed a 
variation of f in. over or under the ordered length of beams, channels, angles, zees, etc. An 
extra price is charged for cutting to exact length. See Chapter XIII. 

Allow ^ in. in thickness for planing plates 2 ft. 6 in. square or less, J in. for plates more than 
2 ft. 6 in. square, and | in. for columns; chords and girders which have milled ends are ordered 
i in. longer than the finished dimensions. 

Web plates should be ordered J in. less than the back to back of flange angles unless a less 
clearance is specified. Web plates should preferably be ordered in even inches and the distance 
back to back of angles made in fractions. 

When angles, beams or channels are bent in a circle allow 9 in. to 12 in. for bending. 

Bent plates should be ordered to the length of the outside of the bend. 



Fig. 24. Beams Between Columns. 


Large gusset plates, large plates with angle cuts, etc., should be ordered as sketch plates, 
when the amount of waste if ordered rectangular will exceed 20 per cent. Mills will not make re- 
entrant cuts in plates or shapes. 

In ordering lacing bars add A finished length and order in multiple lengths. 

ORDERING MATERIAL. — Building Work. — Order beams in foundation .neat length. 
Order beams framing into beams I in. short for each end, see Fig. 24 . 
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Order main column material j in. long for milling both ends (this takes care of permissible 
variation in length of plus or minus | in. as well as the milling). 

Order girder flange angles and plates I in. long. 

Order girder web plates i in. short, where end connections are used. 

Order girder web plates neat length, where end connections are not used. 

Order girder web plates i in. less in width than back of flange angles. 

Order stiffener angles i in. long. 

Order fillers under stiffeners neat length. 

Add A in. to each lacing bar and order in multiple lengths. 

SHAPES AND PLATES MOST EASILY OBTAINED.— The ease with which different 
commercial sizes of shapes and plates may be obtained from the rolling mill varies with the mill 
and with the demand. Where any section is in demand rollings are frequent and the orders are 
promptly filled, while the order for a section not in demand may have to wait a long time until 
sufficient orders have accumulated to warrant a special rolling. 

The following list of plates and sections is fairly accurate, the list varying from time to time. 

Plates. — Plates most easily obtained. 


Width. 

Thickness, 

Width, 

Thickness, 

In. 

In. 

In. 

In. 

li 

A and } 

5 

\ and up 

li 

A and i 

6 

\ and up 

2 

A and } 

7 

J and up 


i and up 

8 

\ and up 

2 i 

J and up ' 

9 

J and up 

3 

i and up 

10 

J and up 

3 i 

1 and up 

12 

i and up 

4 

i and up 

14 

i and up 


Over 14 in. in width.it is immaterial what width of plate is specified. 
Squares and Roimds. — Squares and rounds most easily obtained. 
Rounds, i'', J", f', i", li", li". 

Squares, J", J", i", li", i§". 

All other sizes are liable to cause delay. 

Beams. — Sizes of I-Beams which can be obtained most readily. 


Depth. 

Weight. 

6"' 

12.5 lb. 

8" 

17.5 lb. 2 o\ lb. 

10" 

25.4 lb. 30 lb. 

12" 

31.8 1b. 35 lb. 

15 " 

42.9 lb. 50 11), 

18" 

54.7 lb. 60 lb. 

20" 

65.4 lb. 80 lb. 

24" 

79.9 lb. 90 lb. 


Sizes of I-Beams which may be used but for which prompt deliveries may not be expected. 


Depth. 

5" 


Weight. 

10 lb. 

15-3 lb. 

21.8 lb. 25 lb. 


Beams of weights different from the above can always be obtained from the mills but not so 
readily as those given. Beams of minimum section can always be obtained more readily than 
heavier sections. 
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Channels.— Channels which can be most readily obtained from the mills. 
Depth. Weight. 

6" 8.2 lb. 

8" 11.5 lb. i8f lb. 

10" 15.3 lb. 20 lb. 25 lb. 

12" 20.7 lb. 25 lb. 30 lb. 

15" 33-9 lb. 40 lb. 50 lb. 


Sizes which may be used but for which prompt deliveries cannot be expected. 


Depth. 

5" 


7 

9 


n 

// 


Weight. 

6.7 lb. 

9.8 lb. 
13-4 lb. 


Channels of weights different than those given above can always be obtained at the mills 
but not so readily as those given. Channels of minimum section can always be obtained more 
readily than heavier sections. 

Angles. — Angles most easily obtained from the mill. 

Even legs. — 2|" X 2i"; 3" X 3"; 3i" X 3i"; 4" X 4"; 6" X 6". 

Uneven legs.— 2J" X 2"; 3" X 2i"; X 3": X 3"; 5" X 3}"; 6" X 4". 

Angles which may be used but for which prompt deliveries cannot be expected. 

Even legs.— 2" X 2"; 2U' X 2i"; 5" X 5"; 8" X 8". 

Uneven legs.-— 3" X 2"; 3i" X 2i"; 4" X 35"; b" X 35". 

Angles 4" X 3i''; 5" X 4"; 7" X 35" and 8" X 6" are vcr>' difficult to obtain. 

To obtain prompt deliveries as few sizes and shapes as practicable should be used for any 
contract. For example if 6" X 4" angles are used 6" X 3 j" should be avoided, and vice versa. 

Tees. — If possible the use of Tees should be confined to 3" X 3" X and 2" X 2" X 
and even these sizes are uncertain of delivery. 

Zees. — The delivery of zees is uncertain and will depend upon special rollings, which do not 
occur frequently. The following sizes are the most used, and are therefore most easily obtained. 


Web. Thickness. 

3" 1". A" and r 

4 " 1". A" and I" 

5" A", rand r* 

6" I", i", I". I", i" and 1" 

Stock Material. — The Pennsylvania Steel Company carries the following material in stock 
in 30 ft. lengths for use in its structural plant. 


Angles. Even Legs. 

6" X 6" X A" and U' 

4 " X 4" X i" and A" 

3i" X 3i" X i" and A" 

3 " X 3 " X A". I" and A" 


Angles, Uneven Legs. 

6" X 4 " X i", A" and i" 
5" X 3i" X A" and J" 
4" X3I" X A" and r 
3i" X 3 " X A" and f" 

3" X 2j" X A" and i" 


Plates. 

20" X i" and i" 

18" X I" and J" 

16" X I" and J" 

15" X r and i" 

14" X I" and i" 

13" X I" and J" 

12" X r, A" and r 
10" X I" and A" 

9" X I" 


Flats. 

7" X i" 

6" X r and i" 

3i" X i". 5" and I'’ 
3" X I" and A" 

2i" X I" and A" 
2i" X A" and i" 

2 " X i" and A" 
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Lengths and Widths of Plates. — The maximum sizes and lengths of shapes and plates as 
rolled by the Carnegie Steel Company and the Illinois Steel Comjjany are given in Table I to 
Table VII, inclusive. 

TABLE 1 . 

Maximum Lengths of Shapes; Carnegie Steel Co. 


/ Beams : — 

24" to 12" 

10" to 5" 

4" and 3" 

Channels : — • 

15" to 12" 

10" standard 

10" sf>ecial 

9" to 5" 

4" and 3" 

Tees : — 

5" to i" 

Zees : — 

6" and 5" 

4" X f 

4'' X and under. 

3" 

Deck Beams : — 

10" 

9" to 

6 " 

Bulb Angles : — 

10" to 7" 

6 " 


Angles {Even Legs ): — 

8" X 8" 

6" X 6" X I" to F'-. 

6" X 6" X W' and under. 

5^' X 5'' 

4" X 4" 

2 }" X 21" 

2j" X 2j" 

2i" X 2l" 

2 " X 2 " 

ir X ir to'f" X i". ... 


Angles (Eneven Legs ): — 


75 ft. 

8" X 6" 

. .. 80ft. 

70 " 

7" X 3i" X I" to i" 

. . . 80 " 

50 “ 

7" X 3i" X H" to A" 

. . . 85 “ 


6" X 4" X I* to }" 

. . . 85 " 

75 ft. 

6" X 4" X \y' and under .... 

. . . 90 " 

70 " 

6" X 3i" X l" to i" 

. . . 80 " 

80 " 

6" X 3^" X and under 

... 85 “ 

70 “ 

. . 90 “ 

50 “ 

5" X 4" 

. . . 90 " 


5" X 3i" X r 

5" X 3i" X If' 

5" X 3i" X i" and under 

5" X 3" 

. .. 75 " 

50 ft. 

. . . 80 " 


. . . 90 “ 

70 ft. 

. . . 90 “ 

65 “ 

4^" X 3" X ir 

. .. 50 " 

70 " 

4r X 3" X i" 

• • • 55 “ 

70 " 

4i" X 3" X t.l" 

41" X 3" X i" 

4i" X 3" X A" 

. . . 60 “ 


. . . 65 •* 

45 ft- 

. . . 70 “ 

65 “ 

4i" X 3" X i" and under. . . . 
4" X 3J" 

. . . 80 " 

60 “ 

. . . 90 " 


4" X 3" X 43" 

4" X 3" X i" and under 

... 85 “ 

65 ft. 

. . . 90 " 

60 “ 

3i" X 3" X 13" 

3i" X 3" X i" 

. . . 60 " 

65 “ 

. . . 65 " 

120 ft. 

3i" X 3" X 4J" 

. . . 70 “ 

3l" X 3" X 1" 

• . • 75 " 

80 " 

34" X 3" X 4" and under. . . . 

. . . 80 " 

90 " 

35" X 25" X 13" 

3r X 2i" X i" 

• ■ • 55 “ 

85 “ 

... 60 “ 

90 " 

3i" X 2i" X A" 

... 65 " 

90 " 

35" X 25" X 4" 

35" X 25" X A" 

70 " 

75 “ 

... 80 " 

50 “ 

34" X 24" X 1" and under . . . 
3i" X 2" 

... 90 “ 

50 “ 

. . . 50 ■■ 

5^ 

50 

50 “ 

3 " X2j" to If" X I" 

... 50 “ 


TABLE II. 

Maximum Lengths of Material; Illinois Steel Co. (South Works). 


Angles : — 

All angles 100 ft. 

I Beams : — 

All I Beams up to 15 in.. . 75 ft. 

15 I Beams 42.9 lb. to 55 lb 75 " 

15 I Beams 60 lb. to 75 lb 62 " 

15 I Beams 80 lb 60 " 

15 I Beams 90 lb 50 " 

15 I Beams 100 lb 45 " 

Channels : — 

All Channels 75 ft. 


In case it is absolutely essential to have any of the above material in lengths longer than 
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shown, it will be necessary to take the matter up with the mill to ascertain whether same can be 
obtained. 

TABLE III. 


Rectangular and Circular Plates — Carbon Steel. 


Sheared Plates, One-fourth Inch and Over, Extreme Sizes. 
Carnegie Steel Company. 


Thick- 

i\ess. 

In. 

WciKlit, 
Lb. iv.r 
Sq. Ft. 

Widths and Lcnutlis in Inches 

Diam., 

In. 

128 

126 1 

120 

114 

108 

1 

102 j 

vO 

90 

84 

78 

i 


10.20 




175 

250 

280 

300 

330 

375 

400 

II5 


S 

12.75 



240 

270 

320 

360 

380 

420 

440 

460 

120 

i 


15.30 

220 

240 

270 

320 

365 

380 

410 

450 

500 

550 

130 

A 

17.85 

240 

270 

300 

360 

370 

410 

430 

460 

510 

550 

130 



20.40 

2C0 

270 

320 

36s 

400 

450 

480 

510 

550 

580 

130 



22.95 

260 

270 

330 

373 

420 

470 

500 

530 

570 

600 

130 

1 


25.50 

260 

300 

350 

390 

450 

500 

520 

540 

600 

620 

130 

t 

6 

28.05 

260 

300 

360 

420 

450 

500 

520 

540 

600 

620 

130 

i 


30.60 

260 

300 

360 

400 

450 

490 

520 

540 

600 

620 

130 


33-15 

260 

300 

340 

385 

440 

490 

510 

530 

600 

620 

130 

i 


35.70 

260 

300 

330 

375 

440 

480 

510 

530 

600 

620 

130 

I 


40.80 

250 

300 

300 

340 

440 

460 

500 

530 

580 

600 

130 

* li 


45.90 

250 

300 

300 

330 

410 

440 , 

4.50 

500 

550 

580 

130 



51.00 

240 

270 

300 

310 

380 

400 

420 

490 

530 

550 

130 

ih 

61.20 

220 

230 

260 

280 

330 

320 

340 

.^20 

440 

480 

130 

li 

71.40 

200 

200 

220 

240 

280 

270 

300 

380 

380 

410 

130 

i 2 


Sl.^KD 

180 

180 

190 

210 

240 

240 

260 

320 

330 

360 

130 

2i 

91.80 

150 

160 

170 

190 

210 

210 

230 

2 So 

295 

320 

130 







Widths and Lengths in Inches 





1 hick- 

Wcifiht, 











Diam,. 













In. 

In. 

Sq. Ft. 

72 

66 

60 

54 

50 

48 

42 

■ 36 

1 30 

24 


i 

10.20 

430 

475 

525 

530 

530 

530 

530 

530 

530 

530 ' 

115 

1 


12.75 

480 

500 

560 

550 

575 

575 

550 

550 

550 

580 

120 

i 


15-30 

600 

600 

620 

620 

620 

620 

600 

580 

600 

600 

130 

1 

V 

17.85 

600 

630 

630 

640 

640 

640 

600 

580 

600 

600 

130 

1 * 

20.40 

610 

630 

630 

640 

640 

640 

600 

580 

630 

600 

130 

1 

i 1 

(V 

22.95 

620 

640 

640 

640 

640 

640 

600 

580 

630 

600 

130 

1 1 


25.50 

620 

640 

640 

640 

640 

640 

600 

580 

600 

600 

130 

1 - 

i 

28.05 

620 

640 

640 

640 

640 

640 

6*0 

580 

600 

580 

130 

1 


30.60 

620 

640 

640 

640 

640 

640 

600 

580 

600 

580 

130 


li 

33 -iS 

620 

640 

640 

640 

640 

640 

600 

580 

570 

550 

130 

t 

35-70 

620 

640 

640 

640 

640 

640 

600 

580 

550 

550 

130 

I 


40.80 

600 

630 

630 

640 

640 

640 

580 

580 

520 

530 

130 

I 

1 

45-90 

580 

620 

620 

640 

640 

640 

580 

580 

520 

500 

130 

I 


51-00 

550 

600 

600 

600 

600 

600 

560 

560 

520 

450 

130 

I 


61.20 

530 

600 

600 

600 

600 

600 

540 

540 

470 

430 

130 

1 


71.40 

450 

490 

550 

550 

550 

550 

540 

540 

430 

380 

130 

2 


81.60 

400 

440 

480 

500 

500 

500 

500 

500 

400 

350 

130 


91.80 

350 

390 

420 

450 

450 

450 

450 

450 

300 

200 

130 


Plates 48^' wide and under can also be rolled on Universal Mills. 

For greater length and Universal Mill Sizes, see Universal Mill Plate Table. 

Plates of greater dimensions than shown above may be submitted for special consideration. 
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TABLE IV. 

Rectangular and Circular Plates — Carbon Steel. 

Sheared Plates, Three-sixteenth Inch, Extreme Sizes. 
Carnegie Steel Company. 


Thick- 

ness. 

In. 

Weight, 
Lb. per 
Sq. Ft. 

Widths and Lengths in Inches 

Diam., 

In. 

90 

84 

78 

72 

70 

68 

66 

64 

60 54-24 

A 

7.6s 

270 

320 

345 

375 

390 

400 

420 

450 

470 ! '480 

90 


Plates of greater dimensions than shown in above table may be submitted for special con- 
sideration. 


TABLE V. 

Rectangular Universal Plates — Carbon Steel. 


Universal Mill Plates, One-fourth Inch and Over, Extreme Sizes. 
Carnegie Steel Company. 


Thick- 

ness, 

In. 

Weight. 
Lb. per 
Sq. Ft. 

Widths and Lengths in Inches 

48-46 

4S-41 

40-*36 

35-31 

30-26 

25-20 

10-17 

16-15 

14-12 

1 1 

10-6J 

i 

10.20 






1020 

1020 

1020 

1020 

540 

540 

A 

12.75 

1020 

1020 

1140 

1260 

1320 

1320 

1080 

1080 

1080 

600 

600 

i 

15.30 

1200 

1200 

1320 

1380 

1380 

1380 

1080 

1080 

1080 

900 

840 

A 

17.85 

1320 

1320 

1380 

1380 

1380 

1380 

1080 

1080 

1080 

900 

840 

} 

20.40 

1380 

1380 

1380 

1380 

1380 

1380 

1080 

to 8 o 

1080 

1020 

840 

A 

22.95 

1380 

1380 

1380 

1380 

1380 

1380 

1080 

1080 

1080 

1020 

840 

f 

25.50 

1380 

1380 

1380 

1380 

1380 

1380 

1080 

1080 

1080 

1020 

840 


30.60 

1353 

1357 

1363 

1372 

1380 

1380 

1080 

1080 

1080 

900 

840 

i 

35-70 


1163 

1169 

1177 

1188 

1203 

1080 

1080 

1080 

900 

840 

I 

40.80 

1015 

1018 

1023 

1030 

1039 

1052 

1080 

1080 

1080 

900 

840 

li 

45-90 

903 

905 

910 

916 

924 

936 

1080 

1080 

1080 

840 

840 

1} 

51.00 

812 

814 

818 

824 

832 

842 

1071 

1080 

1080 

840 

840 

If 

56.10 

738 

740 

744 

749 

75b 

766 

973 

1080 

1080 

840 

840 


61.20 

677 

679 

• 682 

687 

693 

702 

892 

1059 

1080 

840 

840 

if 

66.30 

625 

626 

629 

634 

640 

648 

823 

978 

1080 

840 

840 

i| 

71.40 

580 

581 

584 

588 

594 

601 

765 

908 

1038 

720 

720 


76.50 

541 

543 

545 

549 

554 

561 

714 

847 

968 

66 k ) 

720 

z 

81.60 

507 

509 

511 

515 

519 

526 

669 

794 

907 

600 

720 


Plates of greater dimensions than shown in above table may be submitted for special con- 
sideration. 
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TABLE VI. 

Rectangular Plates — Nickel Steel. 


Sheared Plates, One-fourth Inch and Over, Extreme Sizes. 
Carqegie Steel Company. 


Thick- 






Widths and Lengths in Inches 






nes3, 
















In. 

102 

96 

90 

R 4 

7 R 

72 

66 

60 

54 

50 

48 

42 

36 

30 

24 

1 

4 






240 

240 

260 

00 

0 

280 

280 

280 

280 

260 

260 

A 





260 

260 

270 

300 

310 

3 10 

340 

340 

340 

310 

310 

i 


280 

340 

390 

420 

450 

500 

500 

500 

500 

480 

450 

450 

430 

430 

A 

260 

300 

360 

400 

430 

480 

520 

520 

520 

520 

500 

490 

490 

480 

480 

1 

270 

320 

0 

00 

420 

460 

485 

520 

520 

520 

520 

500 

490 

490 

480 

480 

A 

270 

320 

0 

00 

420 

460 

485 

520 

520 

520 

520 

500 

490 

490 

480 

480 

\ 

270 

300 

355 

390 

440 

480 

520 

520 

520 

520 

500 

500 

500 

480 

450 

H 

260 

300 

355 

390 

440 

460 

490 

500 

500 

500 

500 

500 

480 

480 

450 

i 

260 

300 

355 

390 

440 

450 

460 

500 

500 

500 

500 

500 

480 

480 

450 

H 

260 

300 

355 

390 

440 

440 

460 

480 

500 

500 

500 

500 

480 

460 

440 

1 

260 

300 

355 

390 

440 

440 

460 

i 480 

480 

480 

480 

480 

480 

450 

440 

1 

260 

290 

320 

370 

400 

430 

440 

1 4fx> 

480 

480 

j 480 

480 

440 

420 

420 

• i 

250 

270 

295 

330 

375 

400 

410 

420 

440 

440 

440 

440 

440 

420 

420 

li 

240 

260 

290 

315 

330 

350 

360 

380 

390 

400 

400 

420 

420 

400 

400 


230 

260 

290 

290 

310 

330 

350 

370 

1 390 

i 390 

390 

390 

380 

380 

360 

: >4 

220 

230 

250 

270 

300 

310 

330 

350 

i 370 

; 390 

390 

360 

' 340 

340 

320 

2 

210 

i 230 

i 


260 

290 

295 

310 

330 

1 350 

1 370 

0 

0 

320 

320 

290 


All sizes of Rectangular Nickel Steel Plates given in above table under thick should be 
specified to gage only. Plates i" thick and over can be rolled to either gage or weight per square 


foot. 


Design Drawings for Steel Structures. 

Drawings. — Designs shall be matle on standard sized sheets. A scale of J in. to I ft. shall 
be a minimum, a larger scale being used if practicable. Give such distances on both plan and 
cross-section that the dimensions of cither can be understood without reference to the other. 

Designs of Mill Buildings. 

Loads. — All roof loads, snow loads, wind loads, floor loads, wheel loads and spacing for 
cranes, and in case of bins, the weight per cubic foot and the angle of repose of the material shall 
appear on the design drawings. 

Diagrams. — Draw as many sections as arc necessary to show all transverse bents and trusses, 
a plan of lower chord bracing, and views to indicate framing and side views when necessary to 
give location of dcxirs and windows. When a sectional view is shown, always mark the location 
of the sections on the plan. When two buildings frame into each other the design should always 
indicate the framing for the connections, drawing additional sections if required. 

Stresses. — The stresses in all members of transverse bents, trusses and latticed and plate 
girders, and the loads on all main building columns shall be given on the design drawings. Give 
maximum bending moment and maximum shear in all crane girders, plate girders, and floor girders 
and columns. Maximum shear and bending moment shall be given for all stringers or I-Beams 
used as floor or crane girders. 

33 
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Notes.— Material (whether O. H. (open-hearth) or Bessemer, soft, medium or structural 
steel); specifications (name and date; size of rivets and holes, reamed or punched full size). 

Angle Members. In all cases where two unequal legged angles are used as main members, 
show the direction in which the outstanding legs are turned by giving the dimension of the leg 
appearing in elevation, or by exaggerating the longer leg. 

TABLE VII. 

Rectangular Plates — Nickel Steel. 

Universal Mill Plates, One-fourth Inch and Over, Extreme Sizes. 


Carnegie Steel Company. 


Thick- 

ness. 

In. 




Widths and Lengths in Inches 





48-46 

4 S- 4 I 

40-36 

3 S- 3 I 

30-26 

1 

0 

10-17 

16-1S 

14-12 

II 

io-6i 

i 

A 

540 

540 

600 

660 

720 

780 

660 

780 

660 

780 

660 

780 

540 

600 

540 

600 

i 

720 

720 

780 

840 

960 

960 

1020 

1020 

1020 

900 

840 

ff 

840 

840 

960 

1020 

1080 

1080 

1020 

1020 

1020 

900 

840 

i 

9^ 

9^ 

1080 

1140 

1200 

1200 

1020 

1020 

1020 

1020 

840 

A 

960 

960 

1 08c 

1140 

1200 

1200 

1020 

1020 

1020 

1020 

840 

t 

i 

900 

900 

1020 

1080 

1140 

1140 

1000 

1000 

1020 

1020 

840 

840 

840 

960 

1020 

1080 

1080 

1000 

1000 

1020 

900 

840 

i 

780 

780 

840 

960 

960 

960' 

1000 

1000 

1000 

900 

840 

I 

720 

750 

780 

816 

840 

900 

1000 

1000 

1000 

900 

840 

Ii 

640 

667 

693 

72s 

744 

800 

1000 

1000 

1000 

840 

840 

Ii 

575 

600 

624 

652 

672 

720 

1000 

1000 

1000 

840 

840 

If 

525 

545 

567 

593 

600 

655 

970 

1000 

1000 

840 

840 

i§ 

480 

500 • 

520 

544 

540 

600 

890 

1000 

980 

840 

840 

Ii 

444 

461 

480 

502 

504 

554 

820 

978 

980 

840 

840 

li 

410 

428 

445 

466 

480 

514 

765 

908 

980 

720 

720 

Ii 

384 

400 

416 

435 

444 

480 

710 

847 

968 

660 

720 

2 

360 

375 

390 

408 

420 

450 

670 

794 

908 

600 

720 


All sizes of Rectangular Nickel Steel Plates given in above table under J" thick should be 
specified to gage only. Plates i" thick and over can be rolled to cither gage or weight per square 
foot. 

Sections. — Give sections of all members used in the structure. Whenever two or more 
columns or other members in different locations have the same section, either note it, or mark the 
section on each one. For a column of special make-up show a cross section. 

Dimensions. — The following dimensions should be given: (i) Height of lower chord of 
trusses from floor level; (2) elevation of top of crane rail with clearance; (3) distance c. to c. of 
crane rail with clearance; (4) distance b. to b. of angles of ail main columns; (5) pitch of trusses 
or height of same at heel and slope of upper chord; (6) width and height of ventilator; (7) length 
of bays; (8) distance c. to c. of building columns; (9) location and size of stacks; (10) location and 
size of openings and circular ventilators; (ii) thickness of all walls, and relation to center line 
of columns. 

Windows. — Give size and number of lights and height of windows. Show location of all 
windows. State whether pivoted, sliding, counter-balanced or fixed, and whether continuous. 
State kind of glass. 

Doors. — Give dimensions (width by height) and state whether wood or steel, swinging, 
lilting, rolling or sliding. State style of track, hangers and latch. 
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Louvres. Note depth on design, and whether wood or metal, fixed or pivoted. If metal 
give gage and kind of same. 

Corrugated Steel. Give gage and kind of all corrugated sheeting, painted or galvanized; 
method of fastening, lining, etc. 

Gutters and Conductors. — Show gutters, conductors and downspouts where necessary and 
give size and kind and thickness of metal, methods of fastening, etc. 

Circular Ventilators. Show location on design and note size and kind. 

Roofing. Give kind of roofing material, and thickness of sheathing when used. 

Notes. — Note on design the section of: (a) Purlins and form where trussed; (b) girts; (c) sag 
rods; (d) lateral bracing; (c) end columns; (f) wdndow posts; (g) door posts. 

Connections. — In making a design be sure that all clearances and connections with adjoining 
structures are properly provided for and that all dimensions necessary for detailing of same are 
given on the design. 

Designs of Plate Girder Bridges. 

Loads. — Give assumed dead, live and wind loads, and show diagram of wheel loads. 

Diagram and Views. — Show an elevation of girder with stiffeners, a plan with lateral bracing, 
and a half end view and a half intermediate section. 

Stresses. — Give maximum bending moments and maximum shears, maximum stresses, 
required and actual net area of flanges, noting number of rivets deducted, and required net and 
actual gross areas of webs. 

Dimensions. — The following dimensions should appear on all plate girder designs. Distance 
b. to b. of end angles, or distance out to out of girders, c. to c. of bearings, back wall to back wall, 
or c. to c. of piers, b. to b. of flange angles, sparing of girders and track stringers, base of rail to 
masonry, end of steel to face of bark wall, angle of skew if any, and grade of base of rail. 

For girder bridges on curves give the curvature and super-elevation of outer rail and distance 
from top of masonry to base of low rail. Give elevation of grade and of masonry on a vertical 
line through center of end bearing. 

Rivet Spacing. — Note on the elevation of girders the spacing of rivets connecting flange 
angles to web, changing spacing at stiffener points. Give number of rivets in single shear for end 
connections of all laterals and cross frames. 

Shoes and Pedestals. — Give maximum reaction, required and actual area of masonry plate, 
with allowable pressure on masonry. Note size of bed plate, and show in ix)sition wdth location 
of holes for anchor bolts. Note size and number of rollers for expansion pedestal, and also whether 
pedestal is built, cast iron or steel. 

Expansion Points. — Mark fixed and expansion points and show whether pedestals or bearing 
plates are to be used. 

Stiffeners. — Show end and intermediate stiffeners on elevation of girder, giving sections and 
stating whether fillers arc used, or stiffeners crimped. 

Super-elevation. — If the bridge be on a curve, show how the super-elevation of the outer 
rail is to be cared for, whether by tapering ties, or changing height of pedestal or masonry plate. 

Track. — Show track in place, noting such information as size and notching of tics and guard 
timbers and manner of connecting timber deck to the girder. For through girder always show 
clearance diagram with dimensions. 

Notes. — (a) Material (whether O. H. (open-hearth) or Bessemer, soft, medium or structural 
steel); (b) specifications (name and date); (c) size of rivets and holes, reamed or punched full size. 

Designs of Truss Bridges. 

Loads. — Always give the following assumed loads on the stress sheets. 

Dead Loads.— (a) Weight of track in lb. per lin. ft. of track; (b) weight of trusses and bracing 
per lin. ft. of bridge; (c) weight of stringer and stringer bracing per lin. ft. of bridge; (d) weight 
of fioorbeams per lin. ft. of bridge. 
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live Load. — (Diagram of wheel loads.) 

Wind Load. 

Diagrams. — In general, the design shall show an elevation of the truss, plan of top lateral 
bracing, plan of bottom lateral bracing and stringer bracing, half end view showing portal, half 
intermediate view, or as many intermediate views as are necessary to show intermediate sway 
frames. The end view shall show track in place with information similar to that for plate girders. 
The design of a pin-connected bridge shall show the sizes of pins and the arrangement of the 
members at all panel points. 

Stresses. — Give the stresses in all members of trusses as follows: D. L. (Dead Load); L. L. 
(Live Load); I. (Impact); C. (Curvature); W. (Wind Stresses). Also total stresses. 

Always use the minus sign for tensile stress and the plus sign for compressive stress. Compute 
and give traction stresses for viaduct towers. 

For stringers and floorbeams give the bending moment and shear and stresses in the same 
manner as for plate girders. 

General Dimensions. — The most important dimensions are, number of panels and length, 
depth of truss at every panel point if upper chord is curved, distance c. to c. of trusses, distance 
base of rail to masonry, distance center of end pin to masonry, distance c. to c. of end pins and 
face to face of masonry, or c. to c. of piers. If the bridge be on a curve, give the degree and show 
direction of curvature, the distance of base of low rail to masonry, and the su|x^r-clevati(>n of 
outer rail. Note that greater clearances are required on curves. Show the clearance line and line 
of base of rail in the elevation of truss. 

Compression Members. — Give the actual unit stress, the allowable unit stress, radius of 
gyration, moment of inertia, actual and required area, eccentricity and cross-section. 

Tension Members. — Give allowable and actual stresses, the required and actual net area. 
For built sections give number of holes deducted for rivets in obtaining net area, and radius of 
gyration. 

Sections. — Give section of every member and thickness of all gusset plates. Always give 
size of lacing bars, and stdte whether single or double lacing is required. 

Built Sections. — On all built sections give depth of section, and in using plate and angle 
sections, make the web J in. less in width than the depth of section. 

Angles with Unequal Legs. — In any member composed of one or more angles with unequal 
legs, show clearly the direction in which the long or short leg is turned. 

Rivets. — Note the number of rivets to be used for end connections of all members, and give 
the number of rivets in single shear required at end connection of track stringers. 

Shoes or Pedestals. — Give maximum reaction, required and actual area of masonry plate, 
with allowable pressure on masonry. Note size of bed plate, and show in position with location 
of holes for anchor bolts. Note size and number of rollers for expansion pedestal, and also whether 
pedestal is built, cast iron or steel. 

Camber. — The amount of camber should be shown on the design. 

Notes. — Same as for Plate Girders. 



Points to be Observed in Detailing to Improve and Simplify the Design. 
American Bridge Company. 

1. Types of Det^s.— -Other things being equal, use details requiring the smallest number 
of pieces. I he simplest detail is usually the cheapest and best. 

When trains connect to the flange face of plate and angle columns, it is preferable to use 
web connection angles riveted to the beams. 

When beams connect to the web face, it is preferable to use seat angles. When columns 
are of light section and may be readily tilted or sprung, it is preferable to use web connection 
angles riveted to the beams for both web and flange faces of columns. 

For beams connecting to girders, use a seat (without stiffeners) when possible and a side 
clip ri\'eted on girders. Do not provide any holes for connecting beams to seats. When the 
seat requires stiffeners, it is better from a shop point of view to frame beams with regular connection 
angles, unless the stiffeners under the seat can be made to take the place of regular stiffeners 
required on the plate girders. 

On columns composed of channels lo in. and under, use details that require no stiffeners 
for connecting to web face, and as far as possible details that eliminate the use of all connections 
to the webs of any size of channels. On box columns eliminate as far as possible details that 
require rivets to be driven through the cover plates alone, as such rivets require an additional 
ojx*ration in riveting and assembling. 

2. Metal over Metal. — In details which arc designed to transfer concentrated loads by direct 
bearing, care must be used to get metal over metal. Intervening plates should not be counted 
u;)on to distribute the load unless an analysis of stress proves them equal to it. 

3. Slabs. — In the transmission of pressure, steel slabs may be used when rolled plates cannot 
be obtained of sufficient thickness to insure an even distribution of stress. (Plates thicker than 
the puldished maximum up to the tabulated minimum thickness of slabs can usually be obtained 
by omitting the s|H‘cificat ion of physical test.) Rolled slabs are cheaixT than forged slabs, built 
bases, or castings; but forged slal)s and castings can sometimes be obtained more quickly, for this 
reason their use is ixmiitted when the question of <lelivery is an imjxirtant consideration. The 
limiting sizes of rolled and forged slabs arc as given in Table MIL 

TABLE Vni. 

Sizes of Steel Slabs. 



CarncRie 

Pcncoyd 

Gary 


(Rollo<l) 

(Rolled) 

(Forged) 

Minimum thickness 

4" 

3" 

15” 

> 5 " 

2 C' 


Maximum thickness 

is" 

10" 

Minimum width 

15" 

50" 

20 0 

Vlaximum width 

36" 

Minimum length 

3' 0" 

20' 0" 

Maximum length 

15' 0" 




Limiting sizes are also subject to the equipment of the fabricating plant. The limiting 
weight at Carnegie Mills is 7,000 lb., at Pencoyd Mills is 8,000 lb. and at Gary Forge is 18,000 lb. 
When slabs arc used have as few thicknesses as possible. 

4. Deck Girder Laterals. — Square deck plate ginler spans should have an even number of 
panels in the lateral system, so that the girders can be made symmetrical about center. Skew 
deck plate girder spans should have an odd number of fxinels in the lateral system, so that the 
girders can be turned end for end. 

5. Lintels. — When angle lintels are used, it is not necessary to rivet the angles together unless 
called for. Plain angles should be used. Preference should be given to plain angle over cast 
iron lintels. When I beams and channels are userl as lintels, no anchors need be provided. 

6. Draw for Diagonals. — For transverse, longitudinal, and lateral diagonal bracing of one 
or more angles, allow the following draw; 
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For lengths up to and including lo ft., nothing. 

“ II ft. to 20 ft., inc., shorten in. 

“ over 35 ft.^ “ A “ 

Drop sixteenths, but do not vary from above more than A These deductions are to be 
made in the length of laterals for deck or through truss spans from the lengths computed and 
proper allowances made for camber. Whether laterals attach to stringers or not does not affect 
the rule. 

7. Mullions. — Mullions and other members running from floor to floor on office buildings 
should be detailed with vertically slotted holes in one end to prevent their taking loads for which 
they are not designed. The slotted holes should be in the connection angles and not in the main 
material. 

8. Bases in Concrete. — When built column bases and grillage girders arc jmbedded in con- 
crete, if acceptable to architect, use full head rivets. 

9. Upset Rods. — Rods J in. or less in diameter should not be upset; when necessary to 
obtain sufficient section, increase the diameter. Use cold rolled threads when possible. Avoid 
the use of clevises on rods ij in. in diameter and less. Rods over ij in. in diameter should be 
connected by clevises. 

10. Water Pockets. — Avoid forming water pockets in structures exjxjsed to the weather, 
or provide a drain hole where it will effectually drain the pocket. 

11. Lateral Connections. — Unless it increases the size of lateral plate disproportionately, 
omit the lugs from light lateral angles which require no more than five rivets. 

12. Castings. — Before detailing casting, refer to records and find out if old patterns can 
be used (preferably without alteration). Use old patterns when possible. In similar castings, 
when there are variations in heights not exceeding i inch, take up the variation by thickening 
the top or bottom. Holes in castings which connect to steel work should be drilled, not cored. 
All cast shoes or bases must be planed on top and bottom except those which are to l)e grouted 
when the bottom need not be planed. Weep holes should be put in all castings where water is 
liable to collect and freeze. 

13. Anchor Bolt Types. — For anchor bolts built in masonry, use a ro<l with nut at each end 
(not a forged head at one end), see Standards for Detailing. Use cold rolled threaded or swedged 
anchor bolts where masonry is to be drilled for bolts. 

14. Crane Rail Splices. — Crane rails should not be spliced at the same points as the girders 
or beams supporting them. 

15. Purlin and Girt Spacing. — When sheathing is used, purlin spacing should suit stock 
sizes of luml)er. When corrugated sheeting is used, purlin and girt spacing should be arranged 
to suit standard lengths of corrugated steel. 

16. Templet Shop to Determine Lengths. — In built memlx?r of 5 feet depth or less, with 
latticed web between chords, not parallel, the draftsman should neglect figuring lengths and 
inclinations, leaving them for the templet shop to determine. 

17. Mark Ends of Girders. — Mark the ends of girders which go at the same end of bridge 
“ X,’* or " North,” or ” to New York,” so that every advantage of knowing this relation may 
be had in the shop and in loading for shipment. Add a note calling attention to this mark. 

18. Holes in Checkered Plates. — Avoid countersinking holes in checkered plates. Use flat 
headed bolts, or screw headed bolts, in places where the nuts cannot be turned with a wrench. 

19. Buckle Plates. — ^'Fhe field riveting of buckle plate floors is sometimes cheapened by 
making the drainage holes large enough (alxjut li in. diameter) to allow the passage of rivets to 
the sticker, who is below the floor. If this method of erection meets with the approval of the 
Erection Department, endeavor to have the details approved with these large drainage holes. 

20. Three Processes of Galvanizing. — ^The hot process consists in dipping the piece in molten 
spelter; the electric process consists in coating by electric contact; and sherardizing consists 
in placing the piece in an air-tight tube filled with zinc oxide and then heated to the required 
temperature, to be removed after cooling. The hot process is used in coating structural material 
and castings; the other two processes for bolts and small castings. 

21. Cleaning before Galvanizing. — Before galvanizing, all mill scale, rust, grease and paint 
should be removed from the surface. This is done by immersing the piece first in a bath containing 
a solution of sulphuric acid to remove the objectional matter and then in water to wash off the 
acid. Finally the piece is dipped in a solution of ammonium chloride after which it is ready to 
be galvanized. 

22. DetaiUng Material to be Galvanized. — ^The most desirable material for the hot process 
is straight plain angles and shafts, preferably not more than 24 ft. 9 in. long (the length of the 
pot), but by turning the piece it is possible to galvanize a 31 ft. length. Built up members should 
not exceed 2 a ft. 9 in. in length. Bent work decreases the output and increases the cost of gal- 
vanizing. The pot is 40 in. deep and 30 in. wide. Pieces wider than the depth of the pot must 
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be turned both in the pickling and spelter tanks. Before proceeding with the fabrication of any 
material to be galvanized whose dimensions approach the maximum, the Shiftier Plant should 
be consulted. Work riveted in the shop is more expensive to galvanize than plain material 
Gusset plates should not be riveted to angles. Field connections generally should be bolted 
(not riveted) with galvanized bolts. 

23. Bolts for Galvanized Work. — Unless otherwise specified bolts should be sherardized, as 
hot galvanizing fills the threads with spelter. If hot galvanizing is specified for bolts, the threads 
should be cut deeper than standard or rc-cut after galvanizing. 

24. Marking Galvanized Work for Identification. — The mill and shop marks should be put 
on with tailor’s chalk instead of paint. Erection marks should be stamped with a steel stencil 
in a definite place on each piece. 

25. Weight of Galvanized Material. — In figuring the weight of galvanized structural material, 
it should be assumed that galvanizing adds to the weight approximately .08 lb. per sq. ft. of 
surface covered. 

26. Car Load Shipments of Material. — Detail work as far as possible to obtain full car load 
lots for shipment. On contracts for tanks, smoke stacks, tubular piers or pipes, which arc shipped 
west of the Mississippi River, if there is any (jueslion as to whether they should be shipped knocked 
down or riveted up, the matter should be referred at once to the Division Engineer. There is a 
great difference in freight rates, particularly on less than car load lots, on shipments into that 
territory. 

27. Riveting Watertight and Oiltight Work. The diameter, pitch and arrangement of rivets 
are to be determined by the thickness of the i)latcs or bars which they connect. The maximum 
spacing for rivets in watertight work Ls 4 diameters. The maximum spacing for rivets in oiltight 
work is 3^ diameters. The minimum spacing for rivets is 2^ diameters. All seams should be 
chain rivetc<l. The distance between linos of rivets in seams or butts, if chain riveted, should 
not be less than 3 diameters; if staggered, not less than diameters. Avoid staggering rivets 
if possible. Longitudinal scams should be single rivete<l when plates are I in. thick or less, double 
riveted when plates are in. to i in. thick, and triple riveted when ]:)lates arc over i in. thick. 
Ov'erlapped butts or single butt straps should be <louble riveted when plates are I in thick or less, 
triple riveted when i)lates arc in. to ys in. thick, and (juadruple riveted when plates are \ in. 
or J in. thick. When plates are over -J in. thick butts should have double straps triple riveted. 
Butt straps should be ^ in. thicker than the plates they connect. 

28. Punching Plates. — When specifications require that plates be punched from the faying 
surfaces (surfaces in contact in completed work), it is preferable, except for plates yg in. and less 
in thickness to sub-punch and ream all holes in order to avoid turning the plates at the punch. 
This clause of the specification is often waived on thin plates, as for these plates its observance 
accomplishes nothing. 

29. Edge Distances for Oiltight and Watertight Work. — The distance from center of hole to 
extreme point of lx;vel sheared edge of plate should be not less than diameters, and when 
calked not more than i J diameters of the rivet. 

30. Calking. — Calking edges of I in. plates or less are to be bevel sheared. If allowed by 
customer, plates over J in. thick arc to be sheared straight. The bevel on plates in. to | in. 
thick, inclusive, should be about 30 degrees, and on plates over | in. thick should be about A in. 
Ordinarily plates less than in. thick are not calked, but canvas or lampwick is placed in the 
seam to make it watertight. Ambridge plant can bevel-shear plates | in. thick or less. 

Points to be Observed in Detailing to Simplify Erection. 

American Bridge Comp.any. 

1. General. — In designing details, care should be taken to arrange all joints and connections 
so that the work can be built at the shop with a minimum cost in labor and material, and can 
be erected most economically and with a minimum risk. - 

2. The sequence of erection should be considered in making the details. 

3. In bridge work, connections should be detailed so that spans can be made self-sustaining 
and safe in the shortest jx)ssible time. 

4. Top chord sections in each panel are put in place after the j^sts and bars for that panel 
are erectecl. In heavy work it is es|x?cially desirable that the details be arranged so that these 
chord sections can be lifted above the posts and set directly into place without being moved 
endways or sideways. For such work, plates connecting adjoining sections should be shipped 
loose. 

5. It is usually customary, when local conditions permit, to put the floor system in place 
first and erect the trusses afterward. This method of procedure has a great many advantages 
over that of raising the trusses first, viz.: there is a great saving in false work, as longer panels 
can be used; it permits bents to be placed directly under the panel points and the new floor 
fiystem to be used for carrying traffic and running out material for the trusses; it permits the 
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posts to be bolted to the floorbeams and released from the tackles on the travelers; it fixes the 
exact position of the shoes on the piers so that the erection can proceed from the center toward 
either fixed or roller end, as may be preferred; it gives more opportunity for jacking up the spans 
to secure proper camber; and it requires a minimum amount of blocking. 

6. Over dangerous streams where there is a possibility of loss during erection, it may be 
desirable to erect the trusses first. This brings as little material as possible on the false work. 
A minimum amount of material is thus endangered. Sometimes there are local conditions which 
make it imperative to erect the trusses first. 

7. Therefore in all through truss spans, the floor connections should be so arranged that the 
floor system can be put in place after trusses hav^e been erected in their final position, and vice 
versa, so that trusses can be erected after the floor system has been set in place. 

8. For through plate girder spans, the stiffeners should be arranged so that floor system can 
be put in place without spreading the main girders. Also on through trough floor spans, wherever 
possible, details should be arranged so that trough floor can be put in position without spreading 
main girders. 

9. In all work, as far as practicable, details should be arranged so that members can be 
swung into position without shifting from their final position members to which they connect. 
If this is impossible, place note on erection plan calling erectors’ attention to this special feature. 

10. Stiffeners to which cross frames or floorbeams connect should not l>e crimped, but have 
fillers. The outstanding legs should preferably be not less than 5 in., and never less than 4 in. 
Open holes in stiffener angles should be gauged so that the cross frames can be swung into place 
without spreading the main girders. 

11. Pin Spans. — The sections of top chords nearest the center should be made with at least 
two full pin holes. In skew spans the top chord splices should be located so that the two opposite 
panels can be erected without moving traveler. In curv'ed top bridges, the top chords should be 
designed so that each panel of truss can be erected and self-sustained before moving the traveler 
to the next panel. 

12. Pilot Nut Interference. — When portals or top bracing would apparently interfere with 
the use of long pilot nuts, it is not necessary or desirable to ship short pilot nuts. These pieces 
are seldom, if ever, erected before the pins are driven. 

13. Clearances. — See that ample clearances are allow'ed. In allowing clearances to cover 
shop variations for cutting, shearing and coping, any clearance less than J in. is equivalent to 
no clearance. For riveted web memlxfrs entering between chords, allow a total clearance of 
J in. or in. on a side. For plates to be inserted between angles, allow a total clearance of i in. 
For beams and girders with top and bottont connection angles, whetl\cr riveted or shippe<l loose, 
allow i in. clearance between top and bottom angles. When beams arc framed directly to the 
web at the upper floor of heavy two-story columns, to facilitate erection, the rivets above the 
connection should be countersunk or left op)en for field driving. 

14. Packing of Eyebars and Pin Plates. — In pin connected bridges with eyebars 8 in. and 
under, allow ^ in. clearance for each eyebar and an additional total clearance of not less than 
J in. between the two sides of the chord. For eyebars over 8 in. up to and including 12 in., double 
the above figures. For eyebars over 12 in., use three times the allowance for bars 8 in. and under. 
When more than two pin plates are used on a member, allow V? in. additional for each pin i)latc. 

15. Clearance at Ends of Beams and Girders. — For crane or floor girders, milled (or made 
exact), and for floorbeams framing between columns, girders or beams, allow ^ in. at each end. 
For plate girders, not milled (or made exact), allow i in. at each end. For all structures in which 
girders or beams occur in continuous lines over 150 ft. long. Plant Engineer should decide what 
precautions are necessary to prevent an increase or decrease in total extreme dimensions of the 
building. For a certain percentage of the connections, girders and beams may be cut short and 
fillers provided. Other means of accomplishing the result may be found advisable. 

16. Cross Frame Clearance. — Cross frames should be made of such a depth or so detailed 
as to permit them to be swung into place without interfering with the rivet heads in flanges of 
main girders. When the cross frames of the deck span connect to the top and bottom flange of 
the girder, allow A clearance at top and in. at bottom. 

17. Clearance for Diagonals. — In erecting diagonals in pin spans, it is customary to connect 
them at the bottom first and then to swing them into position around the lower pins as centers. 
A clear path should be provided for pieces erected in this way. 

18. Anchor Bolt Clearances. — Holes are generally | in. larger than diameter of bolt. 

Column resting directly on grillage: 

Punched Hole in Column « Diameter of Anchor Bolt + | in. 

Punched Hole in Grillage »* Diameter of Anchor Bolt + ^ in. 

Column resting on cast base: 

Punched Hole in Column » Diameter of Anchor Bolt 4- I in. 

Drilled Hole in Base « Diameter of Anchor Bolt + ^ in. 
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Column resting on steel slab: 

Punched Hole in Column = Diameter of Anchor Bolt -f | in. 

Drilled Hole in Slab = Diameter of Anchor Bolt -f i in. 

Punched Hole in Girder = Diameter of Anchor Bolt + in. 

For large anchor bolts or to meet special conditions, it may be desirable to have the holes larger. 
Special consideration should be given to such cases. When anchor bolts are to be put in after 
structure is erected, arrange details to allow drilling of holes wiih material in position. 

19. Movable Bridge Clearance. — On draw spans and bascule bridges, the clearance between 
the nioving member and the nearest stationary member should be at least 2 in., preferably more. 
Fascia plates between fixed and draw spans on highway work should be provided with means 
of vertical adjustment. 

20. Stagger Tumbuckles. — Adjustable rods or bars placed close together should have sleeve 
nuts or tumbuckles staggered. 

21. Clear Rivet Heads. — An interference frequently occurs both in the shop and field be- 
tween the outstanding tlangc of some piece and rivet heads of the piece into which it connects. 
This should be avoided. 

22. Cut Flanges to Clear. — Girders which frame into webs of columns should, when necessary, 
have their llanges notched to clear rivet heads in outstanding legs of columns. This will permit 
erection without spr(‘a<ling columns. 

23. Clearance Above Rail. — Note whether the clearance shown on stress sheets for railroad 
bridges is from top or from base of rail. 

24. Clear Old Work. — In detailing work adjacent to old work or to walls, see that the rivets 
can be driven when work is in jjiace. Spandrel beams adjoining old walls should be detailed 
to swing into i)lace from inside of building. 

25. Entering Connections. — Imtcring connections should be avoided. 

26. Shifting Members to Drive Rivets. — Work should be detailed so that members can be 
placed in final ])osition before riveting is commenced. Exceptions should be noted on erection 
drawings. 

27. Clearance for Driving. — All field connections should be examined to see that they can 
be driven after the structure is erected. Draftsmen should inform themselves of the sizes and 
types of pneumatic hammers in use and n(‘cessiiry working space required. 

28. Expansion Pockets. — Girders and stringers which rest in expansion pockets should set 
back sufficiently to allow the insertion of the field rivets for the end connection of the adjacent 
fixed member, as both members are in place before the rivets are driven. 

29. Lateral Plates Clear Ties. — On deck girder spans and on stringers in through spans, 
lateral [dates and rivet heads should be kept low enough to clear the ties. 

30. Slotted Holes for Anchors. — In both ends of plate girders less than 50 ft. use slotted 
holes, or holes of extra large diameter, for anchor bolts. 

31. Length of Slots. — The length of slots in expansion details should be sufficient to allow 
for a movement in cither direction ccjual to the combined effect of temperature change, stress 
deformation and inaccurate w'orkmanship. 

32. Erection Seats. — It is not necessary to provide erection seats for beams framing into 
columns or girders, except when beams frame in opposite on web of plate and angle columns 
or ginlers and take the same open holes. Erection seats should usually be provided for plate 
girders framing into girders or columns. When erection seats are provided, a clearance of i in. 
should be left between the bottom of the girder and the seat angle to allow for inaccuracies in 
setting the scat. No clearance should be provided when open holes are reamed to metal templet. 

33. Stitch Loose Fillers. — Fillers should be shop riveted to members. Avoid loose fillers 
where [X)ssible. 

34. Stitch Loose Covers. — When a lon^ line of field rivets occurs in the cover, web or rein- 
forcing plates of a column, chord or other built-up member, provide occasional rivets (countersunk 
if nece.ssary) to keep the plate in contact with the main section of the member. 

35. Parts Reversible. — If practicable arrange details of a member so that it may be reversed 
in erection. 

36. Parts not Reversible. — When members are nearly but not quite symmetrical and it is 
possible to erect them reversed or inverted, mark the piece to indicate the way it should entei 
the structure. Thus : “ Mark This End ‘ Toward Center ’ ” or “ Mark ‘ This Side Up.’ ” 

37. Marking Directions. — When the position in which a member is to be placed in a structure 
cannot readily be determined from the member itself and the erection plans, the sides or end 
of member should be marked showing direction in which member is to be set. 

38. Extra Field Work. — All drilling and cutting to be done in the field should be clearly 
noted on the detail and erection drawinj^s before final approval. 

. 39 - Special Field Drilling. — Sometimes it is advisable to drill certain holes in the field. 
This may occur in special cases where adjustment is needed or when the drawing room finds it 
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impracticable to locate a connection. In such cases the Plant Engineer should be consulted. 
A note should be added to the erection drawing calling attention to this special work. 

40. Holes for Tap Bolts. — If tap bolts are to be used for field connections which transmit 
shear, the holes to be tapped should be drilled cither in the shop or in the field, using the connecting 
piece as a templet. This avoids drifting, which destroys the threads. If the connections do 
not transmit shear, the drilling may be avoided by making the holes in the connecting piece 
large enough to provide for slight irregularity in spacing. 

41. Abutting Deck Spans. — When two spans abut on a bent, as in a viaduct, details should 
be arranged so that either span can be set in place entirely independent of the other. The end 
cross frames should be detailed to be swung into place from the center. 

42. Holes for Auxilia^ Work. — Provide holes in steel work for connecting all auxiliary work, 
such as nailing strips, spiking pieces, skylight curbs, windows, doors, etc. The method of at- 
taching auxiliary work to the steel work should be thoroughly understood. 

43. Replacing Old Bridges. — In replacing an old bridge of more than one span, a separate 
bed plate should be provided for each snoe. 

44. Column Overrun. — ^The overrun or packing out of cover plates on built up columns 
need be considered only when there are four or more cover plates on a face, in which case the 
distance out to out of covers should be figured J in. more than the distance back to back of angles, 
plus the thickness of the covers. 

45. Anchor Bolts in Advance. — Anchor bolts built into the masonry before the erection of 
the steel work on domestic and export work should be shipped in advance unless otherwise re- 
quested. Anchor bolts to be set after steel work is erected need not be shipped in advance. 

Specifications for Camber of Trusses and Girders. 

American Bridge Company. 

1. Railroad Spans over 200 Ft. and Highway Spans over 250 Ft. — For railroad spans over 
200 ft., and highway spans over 250 ft., the distortion due to dead and live load should be com- 
puted, and length of all members modified so that lengths will be normal under these loads. 
The live load stress due to a uniform live load over the full length of span and not the maximum 
live load stress should be used. This uniform load should be such as would produce the same 
live load stress in center chords as given on stress sheet. Find the ratio between the sum of the 
dead and live load stress, and dead load stress in the center chords = {D L LL)IDL. Multiply 
the dead load stress in each member by this ratio ami find the distortion in length due to this 
stress. The normal length’s of the members should be figured, and for compression members 
should be increased, and for tension members decreased by an amount equal to the distortion. 
The lengths should also be corrected for play in pin holes. The camber of the truss resulting from 
the above changes in len^h and the pin play can be found graphically by what is known as a 
Williot Diagram. If a given amount of camber is to remain in the truss under dead and live 
load, the change in length of truss members from the normal, as outlined alx)vc, should l>e in- 
creased in the proportion that the camber under dead and live load stress has to deflection at 
center due to dead and live load. In figuring distortions, impact stresses should be neglected. 

2. Railroad Truss Spans up to 200 Ft. — For railroad spans, up to and including 200 ft., 
trusses should be cambered by increasing the top chord length J in, for each 10 ft. in length, 
unless sp^ifications state that camlxjr shall lx? made a proportional part of span. If the specifi- 
cations give either the rate of top chord increase or the camber, the camber corresponding to the 
top chord increase corresponding to the caml)er, can be found from the equation E — {SC ' II) f S' AT 
in which E — panel increase in in., C = caml>cr in in,, II — depth of truss in ft., S = length 
of span in ft., N == Number of panels. The above equation is rlerived from the equation of a 
circle, the posts being considerecl as radial. 

3. Hi^way Truss Spans up to 250 Ft.— For highway spans up to and including 250 ft., 
the top chord lengths should be increa^d A jn. for each 10 ft. in length, unless six^cifications give 
some other amount or methofi of obtaining camber. 

4. Curved Top Chord Trusses. — When trusses have varying depths, the panel increase as 
determined above is to be considered the panel increase at the center of the span and the increase 
in top chord panel length for any panel should have the same proportion to the panel increase 
at the center of the span, as the height of the truss at the center of the panel in question has to 
the height of the truss at the center of the span. 

5. Diagonals. — ^The lengths of all truss diagonals and end-posts are to be computed, assuming 
each panel of the truss to be a true geometrical figure with the full panel camber increase added 
to the normal panel length of the top chord. For compression members of a pin connected 
truss, the length center to center of pin holes Is to be the exact computed length, but for tension 
members ^ in. should be deducted from the computed length as a correction for play in (he pin 
holes. In the center panel of a riveted truss, both diagonals should have their computed cambered 
length reduced ^ in. for draw. 
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6. Deck Bridges. — For deck bridges with vertical end p(wts, the length of end panel of floor 
and top chords should be reduced by one-half the top chord increase between the center of truss 
and panel point Ui. In figuring length of stringers for deck spans, add one-half of panel increase 
to normal panel length, and consider this the distance center to center of floorbeams. In figuring 
top laterals for deck or through bridges, the full panel increase should be used, and usual draw 
deducted from calculated length of diagonal. 

7. Camber Diagram.— -A camber diagram giving the ordinate at each panel point of the 
bottom chord from the horizontal to the “ no load ” line should be placed on the erection plan 
of all truss spans for export and for all spans of 250 ft. or more. 

8. Plate Girder Spans. — No camber is to be used in plate girder spans unless required by 
customer. If camber is required, it is to be taken care of in such a way as to satisfy the customer 
and as best suits the plant where the work is fabricated. 

9. Roof Trusses. — Roof trusses having spans of 75 ft. or under should not be cambered. The 
deflection of trusses should l^e considered when a definite clearance must be maintained for crane 
or other purposes, also when wall or other framing is attached to lower chord. Trusses over 
75 ft. span may be cambered when considered necessary by Plant Engineer, the amount of camber 
being approximately equal to the deflection of truss under full load. For parallel chord or flat 
pitch trusses, camber produced by lengthening top chord J in. in 10 ft. will approximately equal 
deflection under full load. Fink or other steep pitch trusses, if cambered at all, should be cambered 
by method of theoretical deformation. When roof trusses are cambered, the girts, bracing, etc., 
are figured on the assumption that the truss is fully loaded. 


Shop Rivet Percentages. 

American Bridge Company. 

I. For estimating weight of shop rivets, use the following percentages of the ordered weight 
of material; not including the weight of steel joists in highway bridges nor the weight of corrugated 
sheeting in mill buildings. 


2. Highway Bridges. — Through pin-connected spans, with built floorbeams. 


100 ft. and under 3 per cent. 

Through pin connccte<l spans, with built floorbeams, over 100 ft 3.5 per cent. 

Through pin-connected spans, with rolled floorbeams, 100 ft. and under. ..... 2.7 per cent. 

Through pin-connccted spans, with rolle<l flex^rbeams, over 100 ft 3 percent. 

Deck riv^eted s(xins, with T-chords, 100 ft. and under 4.5 per cent. 

Riveted pony truss spans, with bo.\ chords, 80 ft. and under 6.5 per cent. 

Riveted pony truss spans, with T-chords, rolled beams 80 f;. and over 3 per cent. 

Deck plate girder spans 5 per cent. 

Through plate girder spans 6 per cent. 

3. Railroad Bridges. — Single track deck plate girder spans 6 percent. 

Single track through plate girder spans 5.5 per cent. 

Double track through plate girder sjxins 5 per cent. 

Single track through riveted spans 6 per cent. 

Double track through riveted spans 4 per cent. 

Single track through pin-connected spans 4.5 per cent. 

Double track through pin-connected spans 3.5 per cent. 

Single track deck riveted sjxins 7 per cent. 

Double track deck riveted spans 6 per cent. 

Single track deck pin-connccted sp;ms 5 per cent. 

Double track deck pin-connccted spans 4.8 per cent. 

Single track viaducts with stifT bracing 5.5 per cent. 

Double track viaducts with stiff bracing 4.8 per cent. 

Trough floor 7 to 10 per cent. 


4. Steel Mill Buildings. — Light roof construction and light mill buildings with- 


out crane runways 3 per cent. 

Light mill buildings, with crane runways 4 per cent. 

Heavy mill buildings, with crane runways 4.5 per cent. 

Extra heavy mill buildings, with crane runways 5 percent. 

5. Office Buildings. — Riveted work 3 to 4 per cent. 

Beams i to i per cent. 
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Railway Shipments. 

American Bridge Company. 

1. Shipping Height. — Nearly all railroads can handle pieces at least lo ft. 6 in. high (except 
pieces too long for a single car, when thickness of bolster, 12 in. to 15 in, must be included) and 
6 ft. wide, or 10 ft. 3 in. wide and 7 ft. 3 in. high. In detailing pieces approaching these dimensions, 
Traffic Department should be consulted. Information required from Traffic Department should 
be obtained through Plant Manager’s office. 

2. Shipping Lengths. — Ordinary gondola and flat cars are from 34 ft. to 40 ft. long. Care 
should be taken to detail light pieces for single car shipment not more than 40 ft. long. 

3. Shipping Weights. — Pieces exceeding 22 ft. in length, or too wide to be loaded through 
the side door of a standard 36 ft. box car, should be detailed so that they can be loaded on gondolas 
or flats. They can then be shipped in less than car load lots (first class rate). 1 he minimum 
weights for which freight charges will be figured at either car load or less than car load rates are 
indicated in Table IX. 

TABLE IX. 



East Miss. 
River Eastern 
Clas'^ification, 
lb. 

West Miss. 
River Western 
Classification, 
11). 

Pacific Coast 
States 

Classification, 

lb. 

South \tasoM 
& Dixon Line. 

Ea^t Mi>^. 
Rivor J-outhern 
C'la.ssifii alion, 
lb. 

Less car load lots 

Min. car load, bridge iron 

Min. car load, girders and roof trusses 

Min. load pieces requiring two cars 

Min. load pieces requiring three cars 

Min. load pieces requiring four cars 

1,000 

56.000 

30.000 

45.000 

6.000 

75.000 

5,000 

36,000 

36.000 
45^000 

60.000 

5,000 

40,000 

40.000 

60.000 

80.000 

4, COO 

30.000 
30,coo 

45.000 

60.000 

75.000 





When more than four cars (three cars Western Classification) are used, the additional car or cars 
are considered as a new series; the series being determined by number of cars over which a con- 
tinuous load extends. 




CHAPTER XI 11. 

Estimates of Structural Steel. 

GENERAL INSTRUCTIONS. — When an estimate of the structural steel in a structure 
is to be made the man in charge shall immediately examine all of the data furnished to see that 
he has sufficient information to make a satisfactory estimate. He shall fill out the data sheet 
completely, and then take off the quantities. Use only the standard estimate blanks for taking 
off material. The author has found the estimate blank below very satisfactory. 

CROCKER ^ KETCHUM 

Consulting Engineers 

DCNVtn. COLO. 

l60-Ft.5panHiqhwavBridqe 9 

Logan irriq ahion Co. nm. Feb.^5,191Z 
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Number each page consecutively, and when all the quantities are totaled prepare a summary 
on the last page. Each sheet shall have the sheet number and also the total number of sheets 
in the estimate, for example 9 of 20. This will prevent the loss of a page. After the estimate is 
completely taken off another man shall check it. When checked the estimate shall be extended 
by the checker, each sheet being immediately totaled up as extended. The extensions shall then 
be checked by the original estimator, who also prepares a summary. The summary is then 
checked by the checker and the estimate is complete. 

The estimate should be practically a condensed bill of material of the work, and should be 
SO clearly made that a reference to the estimate will show at a glance the weight of all the principal 
pieces. Main and secondary trusses, ^main columns, girders, crane gilders, etc., for buildings; 
and trusses, girders, floorbeams, etc., for bridges should be taken off separately, thus — i truss, 
6 required — and shall not l>e mixed together even though the correct weight is obtained. In 
making an estimate the following order will be found convenient 

1. MILL BUILDINGS. — Trusses. — Top chords, lower chords, web members, purlin lugs, 
gusset plates, connection plates, splice plates, eave strut connections, knee braces and knee 
brace connections. 

Ventilator Trusses. — Rafters, posts, web members, gusset plates, connections to trusses and 
purlin lugs. 
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Columns. — Column angles, web plate, base plate and angles, crane seat and cap. Base in- 
cludes anchor bolts. 

Crane Girders. — Flange angles, web plate, cover plates, end stiffeners, intermediate stiffeners, 
fillers, knee braces and knee brace connections. Rails, splice bars, clips and crane stops. 

Miscellaneous. — Have struts, lattice girders, purlins, girts, ridge struts, lower chord struts 
column struts, rafter bracing, lower chord diagonals, reinforcing angles for purlins used as rafter 
struts, and sag rods. 

Miscellaneous Materials Not Structural Steel. — Corrugated steel roofing and siding, louvres, 
Hashing and ridge roll, gutters, conductors, downspouts, ventilators, stack collars. Windows, 
doors, skylights, operating device, lumber, roofing, brick and concrete. 

2. OFFICE BUILDINGS. — Floorbeams, girders, including all their connections not riveted 
to other members. Floors should be estimated separately using a multiplier if two or more are 
exactly alike. 

Columns. — Columns including splices and connections riveted to the columns. If columns 
are of Bethlehem “H” sections, it should be so noted on the estimate summary. Estimate columns 
in tiers. 

Miscellaneous, such as susjxinded ceilings, galleries, penthouses, lintels, curb-angles, canopies, 

etc. 

3. TRUSS BRIDGES. — Truss members should be taken off separately in order that the 
estimate will show at a glance the weight of any main member. Never write off material for 
the trusses thus, — Truss — 4 Rcq'd.” 

Stringers; floorbeams; portals; sway trusses; upper laterals; lower laterals; shoes, masonry 
plates, anchor bolts, etc. 

A convenient order can easily be arranged for other structures. 

INSTRUCTIONS FOR TAKING OFF MATERIAL.— Quantity estimates shall give the 
shipping weights, not shipping weights plus scrap. Pin plates, gusset plates, etc., shall be taken 
off as equivalent rectangular plates. Large irregular plates or small irregular plates which occur 
in larger numbers shall have. the exact sizes shown in the estimate and should have their weights 
accurately calculated. All quantity estimates shall be made out with black drawing ink. 

The following colored pencils shall be used in estimating: 

Black. — In taking off quantities, all check marks on drawings or blue prints shall be made 
with a black pencil. 

Red. — In checking “quantities taken off “ all check marks on drawings, blue prints and 
data sheets shall be made with a red pencil. 

Blue. — Blue [x'ncils shall be used for checking extensions, also for making notes, corrections, 
alterations or Additions on white prints or tracings. 

Yellow. — All alterations, corrections or additions, on blue prints at the time of estimating 
shall be made with a yellow pencil. 

AH notes on blue prints or drawings in regard to alterations, corrections or additions shall be 
dated and signed by the |x;rson in charge of the estimate. In general all work shall be taken off 
in feet and inches. Lengths of l>olts shall be given in feet and inches. 

CLASSIFICATION OF MATERIAL. — In making the summary steel and iron should be 
classified as follows: 

BarSj including plates 6 in. wide and under, rounds up to 3 in. in diameter and squares up 
to 3 in. on a side. • 

Plates (a) Flats over 6 in. wide up to and including 100 in., and i in. thick and over. 

(6) Flats over 100 in. wide up to and including no in. 

(c) Flats over no in. wide up to and including 115 in. 

(d) Flats over 115 in. wide up to and including 120 in. 

{e) Flats over 120 in. 

(/) Plates in. thick. 

(g) Plates J in. thick. 



CLASSIFICATION OF MATERIAL. 


543 


(h) Plates checkered. 

(i) Plates buckle. 

Angles (a) Having both legs 6 in. wide or under. 

(6) Having either leg more than 6 in. in width. 

(c) Having both legs less than 3 in. in width. 

Channels and I- Beams 

(a) Channels and beams up to and including 15 in. in depth. 

(b) Over 15 in. in depth. 

If Bethlehem sections are used distinguish between “Bethlehem Special I-Beams” and 
“Girder Beams,” and also regarding depths as above. 

Zees. 

Tees. 

Rails (Separate rails under 50 lb. per yd., rails over 100 lb. per yd., and girder rails). 

Rail Splices. 

Iron Castings. 

Steel Castings. 

Nuts. 

Clevises and Turnbuckles. 

Pins, rounds from 3 in. diameter to 6J in. in diameter. 

Forgings, rounds over 6J in. in diameter. 

Bronze, Lead, etc. 

Rivets and Bolts. 

Rivet Heads. — Where the estimate is made from shop drawings the actual number of rivet 
heads shall be determined. The weight of rivet heads in per cent of the total weight of the other 
material is about as follows: Purlins, girts and beams, 2 per cent; trusses and bracing, 4 per cent; 
plate girders and columns of 4 angles and i pi., 5 per cent; plate girders and columns with cover 
plates, 6 per cent; box girders or channel columns with lacing, 7 per cent; trough floors, 8 to 10 
per cent. 

The rivet heads in highway bridges may be taken at 5 and 4 per cent of the total weight 
of steel exclusive of fence and joists for riveted and pin-connected trusses, respectively. 

Bolts arc usually taken off in the estimate when they occur, and entered as rivets. When 
bolts are under 6 in. in length, include bolts under the item “Bolts and Rivets.” When over 
6 in. in length, put the bolts under “ Bars.” 

Miscellaneous Materials. — Corrugated Steel . — Always give the number of gage, whether 
painted or galvanised, and whether iron or steel. This remark also applies to louvres, flashing, 
ridge roll, gutters and conductors. State whether corrugated steel is for roofing or siding. Roofing 
shall be estimated in squares of 100 sq. ft., adding three feet on each end of building to the distance 
c. to c. of end trusses to allow for cornice. Allow one foot overhang at eaves. Siding shall be esti- 
mated in squares of 100 sq. ft., adding one foot at each end of building to allow for corner laps. 

Louvres shall be estimated in .sq. ft. of superficial area, stating whether fixed or pivoted. 

Flashing shall be estimated in lineal feet and shall be taken off over all windows where corru- 
gated sheathing is used on the sides of building, and under all louvres and windows in ventilators. 

Ridge roll shall be estimated in lineal feet, adding one foot to the distance center to center 
of end trusses. Ridge roll is usually taken off the same gage as the corrugated steel roofing. 

Gutters and conductors shall be estimated in lineal feet, the conductors usually being spaced 
from 40 to 50 ft., depending upon the area drained. 

Circular ventilators shall be estimated by number, giving diameter and kind, if specified. 

Stack collars shall be estimated by number, gmng diameter of stack. 

Windows shall be estimated in sq. ft. of superficial area, taking for the width the distance 
between girts. State whether windows are fixed, sliding, pivoted, counter-balanced or counter- 
weighted. State kind and thickness of glass and give list of hardware, and any thing else of a 
special nature. 



544 


ESTIMATES OF STRUCTURAL STEEL. 


Chap. XI IL 


Doors shall be estimated in sq. ft.; state whether sliding, lifting, rolling or swinging. Steel 
doors covered with corrugated steel shall be estimated by including the steel frame under steel 
and the covering with corrugated steel siding. State style of track, hangers and latch. 

Skylights shall be estimated in sq. ft., giving kind of glass and frames. 

Operating devices for pivoted windows or louvres shall be estimated in lineal feet. 

Lumber shall be estimated in feet, board measure, noting kind. Note that lumber under 
I in. in thickness is classified as i in. Above i in. it varies by i in. in thickness, and if surfaced 
will be i in. less in thickness, i. e,, li in. sheathing is actually if in. thick, but shall be estimated 
as ij in. Lumber comes in lengths of even feet; if a piece lo ft. -8 in. or 1 1 ft.-o in. is required, a 
stick 12 ft.-o in. long shall be estimated. In using lumber there is usually considerable waste de- 
pending up)on the purpose for which it is intended. In estimating tongue and grooved sheathing 
lo to 20 per cent shall be added for tongues and grooves and from 5 to lo per cent for waste, 
depending upon the width of boards and how the sheathing is laid. 

Composition roofing or slate shall be estimated in squares of 100 sq. ft., allowing the proper 
amount for overhang at eaves and gables and for flashing up under a ventilator or on the inside 
of a parap>et wall. 

Tile roofing or slate shall be estimated in squares of 100 sq. ft., adding 5 per cent for waste. 
Include in an estimate for tile roof, gutters, coping, ridge roll, plates over ventilator windows and 
plates under ventilator windows, these being estimated in lineal feet. Flat plates for the ends 
of ventilators shall be estimated in sq. ft. 

Brick shall be estimated by number. For ordinary brick such as is used in mill building 
construction, estimate 7 brick per sq. ft. for each brick in thickness of wall, i. e., a 9 in. wall is two 
bricks thick and contains 14 brick for each sq. ft. of superficial area. 

Always note whether walls are pilastered or corbeled and estimate the additional amount of 
brick required. If walls are plain, no percentage need be added for waste, but if openings such 
as arched windows occur add from 5 to 10 per cent. 

Concrete shall be estimated in cubic yards. Walls or ceiling of plaster on expanded metal 
shall be estimated in squares of 100 sq. ft., noting thickness and kind of reinforcement. Rein- 
forced concrete floors shall be estimated in sq. ft. of floor area, noting thickness and kind of rein- 
forcement. Paving of all kinds is estimated in square yards, but the concrete filling under the 
pavement itself is estimated in cubic yards. Concrete floor on cinder filling is usually estimated 
in square yards, specifying its proportions. 

ESTIMATE OF COST. — The different types of framed steel structures vary so much with 
local conditions and requirements that it is only {X)ssible to give data that may be used as a guide 
to the experienced estimator. The cost of steel frame structures may be divided into (i) cost of 
material, (2) cost of fabrication, (3) cost of erection, and (4) cost of transportation. 

The costs of materials and labor have been abnormal for several years making cost data of rela- 
tively little value. Conditions are slowly returning to normal^ but it is not possible at present to predict 
what the final base level will be. In the following discussion the costs are for prewar ^ 1914, conditions 
unless the actual date is given. 

I. Cost of Material. — The price of structural steel is quoted in cents per pound delivered 
f. o. b. cars at the point at which the quotation is made. Current prices may be obtained from 
the Engineering News-Record, Iron Age or other technical pa^xirs. The present prices (1924) 
f. o. b. Pittsburgh, Pa., are about as follows: 

TABLE I. 

Prices of Structural Steel (1924) f. o. b. Pittsburgh, Pa., in Cents per Pound. 

, Price in Cte. 


Material. per Lb. 

I-beams, 18 in. and over 2.60 

I-beams and channels, 3 in. to 15 in 2.50 

H-beams, over 8 in 2.75 

Angles, 3 in. to 6 in. inclusive 2.50 

Angles, over 6 in 2.60 
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Zees, 3 in. and over 2.50 

Angles, channels, and zees, under 3 in 2.50 

Deck beams and bulb angles 2.80 

Plates, structural, base 2.75 

Corrugated steel No. 22, painted 4.00 

Corrugated steel No. 22, galvanized 4.70 

Steel sheets Nos. 10 and ii, black 3.10 

Steel sheets Nos. 10 and ii, galvanized 4.00 

Steel sheets No. 22, black 3.75 

Steel sheets No. 22, galvanized 4.55 

Bar iron, base 2.40 

Rivets 2.75 


COST OF FABRICATION OF STRUCTURAL STEELN— The cost of fabrication of 
structural steel may be divided into (a) cost of drafting, (b) cost of mill details, and (c) cost of 
slu)]) lal)or. 

(a) COST OF DRAFTING. — The cost of drafting varies with the character of the structure 
and with the shop methods of the bridge company. There are two general methods in common 
use for ch'tailing steel structures, sketch details, and complete details (see Chapter XII). The 
cost of drafting varies with th(.* metliod of detailing and the number of pieces to be made from 
one detail, and costs ixt ton may mean but little and be ver>' misleading. The cost per standard 
sheet (24 in. X 36 in.) is more nearly a constant and varies from $15 to $25 per sheet. The 
following a[)pro.\imate costs, based on a total average charge of 40 cents per hour may be of value. 

Mill and Mine Buildings. — Details of ordinary steel mill buildings cost from $2 to $4 per 
ton; details for headworks for mines cost from $4 to $6 per ton; details for churches and court 
houses having hips and v^alleys, cost from $6 to $8 per ton; details for circular steel bins cost 
from $1.50 to $3 per ton; details for rectangular steel bins cost from $2 to $4 per ton; details for 
conical or hop|>er bottom bins cost from $4 to $6 per ton. 

Bridges. — Details of steel bridges will cost from $i to $2 per ton where sketch details are 
used and from $2 to $4 per ton where the members are detailed separately. 

Actual Cost of Drafting. — The details of the Basin and Bay State Smelter, containing 270 
tons, cost $2 per ton. 

The costs of making shop details for steel structures as given in the Technograph No. 21, 
1907, by Mr. Ralph H. Gage, are given in Table II. 


TABLE II. 

Cost of Shop Drawings. 


Character of Building. 

Average Cost per Ton. 

Entire skeleton construction, i. c., loads all carried to the foundation by means 


of steel columns 

# 1.45 

1.22 

Interior portion supported on steel columns; exterior walls carry floor loads 
and their own weight 

Interior portion carried on cast iron columns; exterior wads support floor loads 
as well as their own w’cight 

0.70 

No columns and floorbeams resting on masonry walls throughout 

0.85 

Structure consisting mostly of roof trusses resting on columns 

2.47 

Structure consisting mostly of roof trusses resting on masonry walls. 

1.25 

Mill buildings 

2.56 

0.74 

Flat one-story shop or manufacturing buildings 

Tipples, mining structures or other complicated structures 

4.88 

Malt or ^rain bins and hoppers ^ • 

^•47 

Remodeling and additions where measurements arc necessary before details 
can be made 

1.87 



• Prewar, 1914, costs are given. 
36 
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Mr. Gage makes the following comments on the cost of drafting: ‘‘The cost of drafting 
materials and blue prints was not included. There is always a noticeable decrease in cost of 
the details when the plans for the ironwork are made and designed by an engineer and separated 
from the general work. On the average it cost 35 per cent more to make shop drawings of the 
structural steel when the data were taken from the architect's plans than when the data were 
taken from carefully worked out engineer’s plans. Inaccurate plans where the draftsman is 
continually finding errors which must be referred to the architect materially increase the cost of 
shop drawings.” 

(b) COST OF MILL DETAILS. — If material is ordered directly from the rolling mill the 
price for the necessary cutting to exact length, punching, etc., is based on a standard “card of 
mill extras.” 

CARD OF MILL EXTRAS. — If the estimate is to be based on card rates it will be necessary 
to have the subdivisions a, b, c, d, e, f, r, etc., as follows: 

a = 0.15C/5. per lb. This covers plain punching one size of hole in web only. Plain punching, 
one size of hole in one or both flanges. 

b = 0.25C/5. per lb. This covers plain punching one size of hole either in web and one flange 
or web and both flanges. (The holes in the web and flanges must be of same size.) 

c = 0.30C/5. per lb. This covers punching of two sizes of holes in web only. Punching of 
two sizes of holes either in one or both flanges. One size of hole in one flange and another size 
of hole in the other flange. 

d — o.^$cts. per lb. This covers coping, ordinary beveling, riveting or bolting of connection 
angles and assembling into girders, when the beams forming such girders are held together by 
separators only. 

e = 0.4OC/5. per lb. This covers punching of one size of hole in the w’cb and another size of 
hole in the flanges. 

/ = 0.15C/5. per lb. This covers cutting to length with less variation than ± i in. 

f — 0.50C/5. per lb. This covers beams with cover plates, shelf angles, and ordinary riveted 
beam work. If this work consists of bending or any unusual work, the beams should not be 
included in beam classification. 

Fittings. — All fittings, whether loose or attached, such as angle connections, bolts, separators, 
tie rods, etc., whenever they are estimated in connection with beams or channels to be charged 
at i.55:ts. per lb. over and above the base price. The extra charge for painting is to be added 
to the price for fittings also. The base price at which fittings are figured is not the base price of 
the beams to which they are attached but is in all cases the base price of beams 15 in. and under. 

The above rates will not include painting, or oiling, which should be charged at the rate of 
o.iocts. per lb. for one coat, over and above the base price plus the extra specified above. 

For plain punched ^ams where more than two sizes of holes are used, o.i5cts. per lb. should 
be added for each additional size of hole, for example, plain punched beams, where three sizes of 
holes occur would be indicated as: c -f o.iscts., four sizes of holes; e + o.iocts. For example: 
a beam with J in. and } in. holes in the flanges and f in. and J in. holes in the web should be 
included in class e. 

Cutting to length can be combined with any of the other rates, class d excepted, and would 
have to be indicated; for example: Plain punching one size of hole in either w'eb and one flange, 
or web and both flanges, and cutting to length would be marked bf, which would establish a total 
charge of o.40cts. per lb. 

Note to class d . — No extra charge can be added to this class for punching various sizes of 
holes, or cutting to exact lengths; in other words; if a beam is coped or has connection angles 
riveted or bolted to it, it mal^ no difference how many sizes of holes are punched in this beam, 
the extra will always be the same, namely o.35ct8. When beams have angles or plates riveted to 
them, and same are not half length of the b^m, figure the beams as class d, and the plates and 
angles as beam connections. 

Note to class r . — ^This rate of o.50cts. per lb. applies to all the material making up the riveted 
beam. In ca^ of assembled girders in which one of the beams should be classed as a riveted 
beam, in making up the estimate, figure only the beam affected as included in class “r.” When 
beams have angles or plates riveteef to them and same are half length or more than half length 
of the beam, figure the beams as class “r,” including the plates or angles and rivets. When 
18 in., 20 in., or 24 in. beams are in “r” class keep the I’s separate from the material (plates, 
cast iron, separators, angles and rivets) which should go under heading, “15 in. I’s and Under.** 

Beams should be divided as 15 in. I’s and under, and 18 in., 20 in. and 24 in. I’s. If there 
are only one or two sizes of beams in any particular class, give exact sizes, instead of “ 15 in. Ts 
and Under.'* 
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In estimating channel roof purlins classify 7 in. channels and smaller as one punched; 8 in. 
channels and larger as two punched, unless they are shown or noted otherwise, ana keep separate 
from other beams. 

No extra charge can be added to curved beams for riveting, cutting to length, etc. 

Subdividing work into a large number of classes should be avoided; it is better to have too 
few classes, rather than too many. 

The only subdivision necessary for cast iron columns are: i in. and over, and under i in. 
Columns with ornamental work cast on must be kept separate. 

Round and Square Bars. — In estimating round and square bars use the standard card for 
extras. Table III. It is not usual to enforce more than one-half the standard card extras for round 
and square bars. 


Extras. — Shapes, Plates and Bars: 

(Cutting to length) 

Under 3 ft. to 2 ft., inclusive 

Under 2 ft. to I ft., inclusive 

Under i ft 

Extras — Plates {Card of January 7, 1902): 

Base i in. thick, 100 in. wide and under, rectangular (see sketches). 

Widths — 100 in. to no in 

no in. to 1 15 in 

115 in. to 120 in 

120 in. to 125 in 

125 in. to 130 in 

Over 130 in 

Gages under } in. to and including iV in 

Gages under A in. to and including No. 8 

(iages under No. 8 to and including No. 9 

Gages under No. 9 to and including No. 10 

Gages under No. 10 to and including No. 12 

Complete circles 

Boiler and flange steel 

Marine and fire box 

Ordinary sketches 


0.25 ct. per lb. 
0.50 ct. per Ib. 
1.55 ct. per lb. 


Per 100 Lb. 

$ .05 


.15 

•25 

.50 


.10 

.15 

.25 

•30 

.40 


.10 


(Except straight taper plates, varying not more than 4 in. in width at ends, narrowest end 
not les.s than 30 in., which can be supplied at base prices.) 


TABLE III. 

Standard Classification of Extras on Iron and Steel Bars.* 
Rounds and Squares. 

Squares up to 4i inches only. Intermediate sizes take the next higher extra. 


iSfj 

5 to A 

f*and VV 
iV 

A 

3 A to 



Per 100 Lb. 
Rates. 

$0.10 extra. 
.20 “ 


.40 

•50 

.70 

1. 00 

2.00 
2.50 

•15 


* This classification has been quite generally adopted, although several firms issue a special 
card of extras. 
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TABLE III. — Continued. 

Standard Classification of Extras on Iron and Steel Bars. 
Flat Bars and Heavy Bands. 

3 A to 4 in 

4A to 4J 

4A to 5 

5i to 5i 

5l to 6 “ 

6i to 6J “ 

61 to 7i “ 


.25 extra. 

•30 “ 

.40 “ 

•50 “ 

•75 " 

1. 00 “ 

1.25 “ 


Flat Bars and Heavy Bands. 


I to 
I to 


i 


1 1 to 
li to 
li to 
3l to 


li to 
1 } to 
I to 
I to 
H to 
Hand 

^ and 
and 
A and 
^ and 

A 




6 in. X I to I in 

6 “ X i and A 

A “ X i to i “ 

H “ X i and A “ 

i “ X i to i “ 

{ “ X i and A “ 

“ X I and A “ 

“ X i and A “ 

“ X i “ 

“ X i and A ‘ ^ ’ 

“ X i and A “ 

6 in. X lA to lA in 

6 “ X li to li “ 

6 “ X li to 2i “ 

6 X 3 to 4 . 

Light Bars and Bands. 

6 in. X Nos. 7, 8, 9 and A in 

6 in. X Nos. 10, ii, 12 and S in.. . 

I A in. X Nos. 7, 8, 9 and A in ... 

I A in. X Nos. 10, II, 12 and I in 

H in. X Nos. 7, 8, 9 and A in. . • . 

I in. X Nos. 10, II, 12 and J in. . 

in. X Nos. 7, 8, 9 and A in. . 

! in. X Nos. 10, 1 1, 12 an 1 1 in. . 

in. X Nos. 7, 8, 9 and A in 

in. X Nos. 10, II, 12 and J in 

X Nos. 7, 8, 9 and A in 

X Nos. 10, II, 12 and J in 

X Nos. 7, 8, 9 and A in 

X Nos. 10, II, 12 and i in 

X Nos. 7, 8, 9 and A in 

X Nos. 10, II, 12 and J in 


Per 100 Lb. 
Rates. 

$0.20 extra. 
.40 “ 

•50 " 

•50 “ 

.70 “ 

.90 “ 

1. 10 “ 

i.oo “ 
1.20 

1.50 “ 

.10 “ 

.20 “ 

•30 “ 

.40 " 


Per 100 Lb. 

$0.40 extra. 

.60 “ 

•50 " 

.70 “ 

.70 “ 

.80 “ 

1.00 “ 

1.20 “ 

1.20 “ 

1.30 “ 

1.30 “ 

1.50 “ 

1.80 “ 

2.10 
1.90 “ 

2.40 “ 


Mill Orders. — In mill orders the following items should be borne in mind. Where beams butt 
at each end against some other member, order the beams } in. shorter than the figured lengths 
this will allow a clearance of J in. if all beams come | in. too long. Where l)eams arc to be built 
into the wall, order them in full lengths, making no allowance for clearance. Order small plates 
in multiple lengths. Irregular plates on which there will be considerable waste should Ik* ordered 
cut to templet. Mills will not make reentrant cuts in plates. Allow J in. for each milling for 
members that have to be faced. Order web plates for girdeis } to j in. narrower than the distance 
back to back of angles. Order as nearly as possible every thing cut to required length, except 
where there is liable to be changes made, in which case order long lengths. 

It is often piossible to reduce the cost of mill details by having the mills do only part of the 
work, the rest being done in the field, or by sending out from the shop to be riveted on in the field 
connection angles and other small details that would cause the work to take a very much higher 
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price. Standard connections should be used wherever possible, and special work should be 
avoided. — For additional notes on ordering material, see Chapter XIL 

In estimating the cost of plain material in a finished structure the shipping weight from the 
structural shop is wanted. The cost of material f. o. b. the shop must therefore include the cost 
of waste, paint material, and the freight from the mill to the shop. The waste is variable but 
as an average may be taken at 4 per cent. Paint material may be taken as two dollars per ton. 


The cost of plain material at the shop would be 

Average cost per lb. f. o. b. mill, say 1.75 cts. 

Add 4 per cent fdr waste 07 “ 

Add $2.00 per ton for paint material “ 

Add freight from mill to shop (Pittsburg to St. Louis) 225 “ 

Total cost ix,‘r pound f. o. b. shop 2.145“ 


To obtain the average cost of steel per pound multiply the pound price of each kind of material 
by the percentage that this kind of material is of the whole weight, the sum of the products will 
be the average pound price. 

(c) COST OF SHOP LABOR. — The cost of shop labor may be calculated for the different 
parts of the structure, or may be calculated for the structure as a whole. The following costs 
are based on an average charge of 40 cents per hour and include detailing and shop labor. The 
cost of fabricating beams, channels and angles which are simply punched or have connection 
angles loose or attached should be estimated on the basis of mill details, which see. 

SHOP COSTS OF STEEL FRAME BUILDINGS. — The following costs of different parts 
of steel frame office and mill structures are a fair average. 

Columns. — In lots of at least six, the shop cost of columns is about as follows: Columns 
made of two channels and two plates, or two channels laced cost about 0.80 to 0.70 cts. p>er lb., 
for columns weighing from 600 to 1,000 lb. each; columns made of 4 angles laced cost from 0.80 
to 1. 10 cts. ix?r lb.; columns made of two channels and one I-beam, or three, channels cost from 
0.65 to 0.90 cts. per lb.; columns made of single I-beams, or single angles cost about 0.50 cts. per 
lb.; and Z-bar columns cost from 0.70 to 0.90 cts. per lb. 

Plain cast columns cost from 1.50 to 0.75 cts. per lb., for columns weighing from 500 to 2,5CX) 
lb., and in lots of at least six. 

Roof Trusses. — In lots of at least six, the shop cost of ordinary riveted roof trusses in which 
the ends of the members are cut off at right angles is about as follows: Trusses weighing 1,000 lb. 
each, 1. 1 5 to 1.25 cts. per lb.; trusses weighing 1,500 lb. each, 0.90 to i.oo cts. per lb.; trusses 
weighing 2,500 lb. each, 0.75 to 0.85 cts. per lb.; and trusses weighing 3,500 to 7,500 lb. 0.60 to 
0.75 cts. per lb. Pin-connected trussc's cost from o.io to 0.20 cts. per lb. more than riveted trusses. 

Eave Struts. — Ordinary cave struts made of 4 angles laced, whose length does not exceed 
20 to 30 ft., cost for shop work from 0.80 to i.oo cts. per lb. 

Plate Girders. — The shop work on plate girders for crane girders and floors will cost from 
0.60 to 1.25 cts. iKT lb., depending upon the weight, details and number made at one time. 


TABLE IV. 

Shop Cost of Circular and Rectangular Bins and Stand-Pipes, not Including 

Hoppers or Bottoms. 


Thickness of Metal. In. 

Shop Cost In Cents per Lb. 

Water Tight. 

Bins. 


\ 

0.90 

0.80 

i 

T 

0.85 

0.75 


1 

0.80 

0.70 


I 

075 

0.6^ 
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SHOP COSTS OF BINS AND STAND-PIPES.~Shop costs for circular and rectangular 
bins and stand-pipes are given in Table IV, while shop costs for bin and elevated tank bottoms 
are given in Table V. The shop cost of towers for elevated tanks are given in Table VI. 

TABLE V. 


Shop Cost of Bottoms for Circular and Rectangular Bins and Stand-Pipes. 


1 Thickness of Material. ' Flat Bottom, Cents 

Spherical Bottom, 

Conical Bottom, Cents 

Hopper Bottom, Cents 

In. 

per Lb. 

Cents per Lb. 

per Lb. 

per Lb. 

i 

1.50 

4.00 

3-50 

2.50 

A 

145 

4 15 

3.00 

2.40 

1 

1.40 

4.40 

2.7s 

2.25 

i 

I 25 

450 

2.50 

2.00 


TABLE VI. 

Shop Cost of Towers for Elevated Tanks and Bins. 


Weight of Tower and Bracing in Lb. 

Shop Cost in Cents per Lb. | 

Adjustable Bracing. 

Riveted Bracing. 

10,000 and less 

1.30 

1.20 

10,000 to 20,000 

1.25 

I.IO 

20,000 to 50,000 

1 I.15 

1.05 

50,000 and up 

I.IO 

1.00 


SHOP COSTS OF INDIVIDUAL PARTS OF BRIDGES.— The cost of fabricating joists 
and other similar members should be estimated on the basis of mill details, which sex;. 

Eye-Bars. — The shop cost of eye-bars varies with the size and length of the bars and the 
number made alike. The following costs are a fair average: .Average shop costs of bars 3 in. and 
less in width and J in. and less in thickness is from 1.20 to 1,80 cts. lb., depending upon the 
length and size. A good order of bars running 2J in. X I in. to 3 in. X ] in., and from 16 to 20 
ft. long, with few variations in size, will cost about 1.20 cts. p r lb. Large bar- in long lengths 
ordered in large quantities can be fabricated at from 0.55 to 0.75 cts. jht lb. To get the total cost 
of eye-bars the cost of bar steel must be added to the shop cost. Half card extras given in Table 
HI should ordinarily be added to the base price of plain steel bars. 

Chords, Posts and Towers. — In lots of at least four, the shop co.st is about as follows; Members 
made of two channels and a top cover plate with lacing on the bottom side, or two channels laced 
on both sides cost about i.oo to 0.85 cts. per lb. for pin-connected meml^ers weighing from 600 
VO 1,500 lb.; and about 0.80 to 0.70 cts. per lb. for members with riveted end connections. Mem- 
bers made of four angles laced cost from 0.80 to i.io cts. per lb. for members with riveted ends. 
Members made of two angles battened will cost about 0.50 cts. per lb. Angles u.stxJ without end 
connections should have their cost estimated on the basis of mill details, which sec. 

Pins. — The cost of chord pins will vary with the size, number and other requirements. The 
shop cost of chord pins and nuts may be estimated at from 2.00 to 3.00 cts. per Ib. Rollers will 
cost practically the same as pins. Rolled rounds (pin rounds) are used for making pins and 
rollers. 

Latticed Fence. — The shop cost of light simple latticed fence made of two 2 in. X 2 in. 
angles, with double lacing and about 18 in. deep, will be about 2.00 cts. per lb.; while the shop 
cost of latticed fence, with ornamental rosettes or ornamental plates, may be as much as 4.00 to 
5.00 cts. per lb. 

Floorbeama and Stringers. — Plate girders used for floorbeams and stringers will cost from 
0.60 to 1.25 cts. per lb. depending upon the weight, details and number made at one time. Floor- 
beama made of rolled I-beams will cost from 0.50 to 0.75 eta. per lb. 

• Prewar, 1914, costs are given. 
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SHOP COSTS OF BRIDGES AS A WHOLE.'^The cost will be taken up under the head 
of pin-connected bridges, riveted bridges, plate girder bridges, combination bridge metal, and 
Howe truss metal. 

Shop Costs of Pin-connected Bridges. — The shop costs of pin-connected highway or railway 
bridges, exclusive of fence and joists, are about as follows: 

Bridges weighing 5,000 lb. and less. . 

“ “ 5,000 to 10,000 lb 

** “ 10,000 to 20,000 lb 

** “ 20,000 to 40,000 lb 

** ** 40,000 to 60,000 lb 

** ** 60,000 to 100,000 Ib 

** “ 100,000 to 150,000 lb 

** “ 150,000 and up 

These costs include detailing and one coat of shop paint. For reaming add 0.15 cts. per lb. 

Shop Costs of Riveted Truss Bridges. — The shop costs of riveted truss highway or railway 
bridges, exclusive of fence and joists, are about as follows: 

Bridges weighing 5,000 lb. and less. . 

“ “ 5,000 to 10,000 lb 

“ 10,000 to 20,000 lb 

** 20,000 to 40,000 lb 

** “ 40,000 to 60,000 lb 

** “ 60,000 to 100,000 lb 

“ “ 100,000 to 150,000 lb 

“ 150,000 lb. and up. . 

These costs include detailing and one coat of shop paint. For reaming add 0.15 cts. per lb. 

Shop Costs of Plate Girder Bridges. — The shop costs of plate girder highway or railway 
bridges, exclusive of fence and joists, are about as follows: 


Spans weighing 10,000 lb. and less 0.90 cts. per lb. 

“ “ 10,000 to 20,000 lb 0.85 “ “ “ 

“ “ 20,000 to 40,000 lb 0.75 “ “ “ 

" “ 40,000 to 60,000 lb ....0.70 “ “ “ 

“ “ 60,000 to 100,000 lb 0.60 “ “ “ 

“ “ ioo,(xx) and up 0.50 “ “ “ 


These costs include detailing and one coat of shop paint. For reaming add 0.15 cts. per Ib. 
Shop Costs of Tubular Piers and Culverts. — -The shop costs of steel tubular pier shells and 
steel culvert pipe are about as follows: 


Tubes 18 in. to 24 in. diameter, i in. metal i.oo cts. per lb. 

“ 24 in. to 30 in. diameter, \ in. to f in. metal 0.75 to 0.65 “ “ ** 

“ 30 in. to 48 in. diameter, i in. to f in. metal 0.70 to 0.60 

" 48 in. to 72 in. diameter, \ in. to i in. metal 0.65 to 0.50 “ “ ** 

“ 72 in. and up } in. to } in. metal 0.50 to 0.45 “ ** ** 


The above shop costs include detailing and one coat of shop paint. The necessary bracing 
and rods for tubular piers arc included. 

Shop Cost of Combination Bridge Metal. — Where the bars and rods are standard and the 
castings arc made from standard patterns, the metal for combination bridges can be fabricated 
at about the same cost per pound as for pin-connected spans weighing the same as the weight of 
the metal in the combination bridges. 

• Prewar, 1914, costs are given. 
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Shop Cost of Howe Truss Bridge Metal. — ^The shop cost of highway bridge castings made 
from standard patterns, is from 1.50 to 2.00 cts. per lb. The shop costs of the plates, rods and 
other miscellaneous iron work will be from 2.00 to 2.$o cts. per lb, 

COST OF ERECTION OF STEEL FRAME OFFICE AND MILL BUILDINGS AND 
MINE STRUCTURES. — In estimating the cost of erection of structural steel work it is best to 
divide the cost into (a) cost of placing and bolting steel, and (b) cost of riveting. The cost will 
be based on labor at an average price of $3.20 per day of 8 hours or 40 cts. per hour. 

(a) Cost of Placing and Bolting. — The cost of placing and bolting mill buildings for ordinary 
conditions may be estimated at from $6.00 to $8.00 per ton. The cost of placing andl)olting up 
steel office buildings may be estimated at from $5.00 to $9.00 jx^r ton. The cost of placing and 
bolting up steel bins may be estimated at from $10.00 to $15.00 per ton. The cost of placing 
and bolting up head frames may be estimated at from $12.00 to $18.00 per ton. 

(b) Cost of Riveting. — It will cost from 6 to 10 cts. per rivet to drive f or J in. rivets by 
hand in structural framework where a few rivets are found in one place. A fair average is 7 cts. 
per rivet. The same size rivets can be driven in tank work for from 4 to 7 cts. per rivet, with 
5 cts. per rivet as a fair average. 

The cost of riveting by hand is distributed about as follows: 


3 men, 2 driving and i bucking up, at $3.50 per day of 8 hours $10.50 

I rivet heater at $3.00 per day of 8 hours 3.00 

Coal, tools, superintendence 1.50 


Total per day $15.00 


On structural work a fair day’s work driving } in. or | in. rivets will be from 150 to 250, 
depending upon the amount of scaffolding required. This makes the total cost from 6 to 10 cts. 
per rivet. 

On bin work when the rivets are close together and little staging is required the gang above 
will drive from 200 to 400 rivets per day. This makes the total cost from alxmt 4 to 7 cts. per rivet. 

Rivets can be driven by power riveters for one-half to three-fourths the above, not counting 
the cost of installation and air. The added cost for power and e<iuipmcnt makts the cost of 
driving field rivets with pneumatic riveters about the same as the cost of driving field rivets by 
hand. 

Soft iron rivets J in. and under can be driven cold for about one-half what the same rivets 
can be driven hot, or evxm less. 

Cost of Erection. — Small steel frame buildings wall cost about $10.00 per ton for the erection 
of the steel framework, if trus.ses are riveted and all other connections an* bolted. The cost of 
laying corrugated steel is about $0.75 per square when laid on plank sheathing, $1.25 |X'r square 
when laid directly on the purlins, and $2.00 [kt square when laid with anti-condensation lining. 
The erection of corrugated steel siding costs from $0.75 to $1.00 jkt s(iuarc. The cost of erecting 
heavy machine shops, all material riveted and including the cost of painting but not the cost of 
the paint, is about $8.50 to $9.00 per ton. Small buildings in which all connections are bolted 
may be erected for from $5.00 to $6.00 per ton. The cost of erecting the structural framework 
for office buildings will vary from $6.00 to $10.00 per ton. 

Actual Costs of Erection. — The cost of erecting the East Helena transformer building, 1897, 
was $12.80 per ton, including the erection of the corrugated steel and transportation of the men. 
The cost of erecting the Carbon Tipple was $8.80 per ton, including corrugated steel. The cost 
of erection of the Basin & Bay State Smelter was $8.20 per ton, including the hoppers and corru- 
gated steel. 

The cost of erecting the structural steel work for the Great Northern Ry. Grain Elevator, 
Superior, Wisconsin, was $13.25 per ton including the driving of all rivets. There were 10,600 
tons of structural steel work, and 2,000,000 field rivets, or nearly 200 field rivets per ton of struc- 
tural steel. 
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Erection of Structural Steel for an Armory,* — The structural framework for the new armory 
of the University of Illinois, consists of three-hinged arches having a span of 206 ft., and a center 
height of 94 ft. 3 in. The arches are spaced 26 ft. 6 in. centers and are braced in pairs. The total 
weight of structural steel was 985 tons, and contained 15,400, J in. and 14,900, J in. or a total of 
30,300 field rivets. The cost of erecting the structural steel, including field riveting was $9.55 
per ton. The average cost of driving the field rivets was 13.1 cts. each. 

COST OF ERECTION OF STEEL BRIDGES. — The cost of erection ordinarily includes, 
(i) the cost of hauling the bridge to the bridge site; (2) the building of the falsework and the 
placing of the steel in position; (3) the riveting up of the bridge, and (4) painting the steel and 
the woodwork. 

Hauling. — Transportation over country roads will ordinarily cost about 25 cts. per ton- 
mile, in addition to the cost of loading and unloading. In estimating the cost of hauling on any 
particular job the length of haul, kind of roads, price of teams and labor, and the character of 
the teams should be considered. 1 he cost of loading on the wagons and unloading will depend 
u[)on the local conditions, but will ordinarily be from 25 to 50 cts. per ton. For railroad bridges 
the steel w'ork may ordinarily be brought directly to the site by rail. 

Falsework. — If piles are to be used the cost should be carefully estimated. The cost of the 
piles in place will vary with the cost of piles and local conditions. Under ordinary conditions 
piles in falsework will cost from 25 to 50 cts. per lineal foot in place. Thi? cost of the timber wall 
depend upon local conditions and upon what use is made of it after erection. The flooring plank 
in highway bridges, and ties arul guard timbers in railway bridges can often be usc’d in the false- 
work without serious injury. The cost of erecting the timber in the falsework will ordinarily be 
from $6.00 to $8.00 per thous;\nd ft. B. M. 

Erection of Tubular Piers. — The cost of setting tubular piers for highway bridges will depend 
upon the conditions. Tubes 36 in. in diameter and 20 ft. long have been set in favorable locations 
for $25.00 per pair, not including the driving of the piles or the placing of the concrete. It is, 
however, not safe to estimate the cost of st‘tting tubes from 36 to 48 in. in diameter under even 
favorable conditions at less than $2.00 |x.t lineal foot of tube. When the cost of setting tubes is 
estimated by w'cight, it should be figured at from S15.00 to $20.00 per ton, for ordinary conditions. 
It will commonly cost from 25 to 50 cts. per lineal ft to drive piles in tubes, in addition to the cost 
of the piles, which will vary from 10 to 20 cts. per lineal foot. The concrete will commonly cost 
from $6.00 to $8.00 per cu. yd. in place in the tube. 

Placing and Bolting.— The cost of placing and bolting up riveted highway spans, and erecting 
pin-connected highway spans, no rivets being driven, is about as follow's: 

$12.00 to $15.00 per ton. 

10.00 to 12.00 “ “ 

9.00 to 10.00 “ “ 

8.00 “ “ 

The cost of placing and bolting up railroad spans will depend so much upon the local con- 
ditions and equipment that it is difficult to give general costs. 

The cost of driving field rivets in pin-connected spans will var>^ from 7 to 12 cts. per rivet 
while the cost of driving field rivets in riveted trusses will vary from 6 to 10 cts f)er rivet. The 
number of rivets in riveted low truss highway bridges deixmds upon the number of panels and 
the style of details, and will lx; about 155 to 200 for a thrtx'-pancl bridge, and 400 to 500 for a 
six-panel bridge. The number of rivets in through riveted highway bridges will be about 250 to 
300 for a four-panel bridge, and i, 3(K) to 1,500 for a nine-panel bridge. Pin-connected bridges 
ordinarily have about J to § as many field rivets as a riveted bridge of similar dimensions. 

The approximate number of field rivets in single track railway bridges, designed for E 55 
loading, are given in Table VIl. 

* Engineering ^nd Contracting, Aug. 6, 1913. 


Highway spans from 30 to 60 ft. . 
“ “ “ 60 to 100 ft. . 

“ “ “ 100 to 150 ft. . 

“ “ 150 ft. and up 
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TABLE VII. 

Number of Field Rivets in Railway Bridges, Single Track, E 55 Loading. 

(Harriman Lines.) 


1 Plate Girders, 

Through Truss Bridges. 

Deck. 

Through. 

Riveted. 

Pin-Connected. 

Span, Ft. 

Number of 

Span, Ft. 

Number of 


Number of 


Numlier of 

Field Rivets. 

Field Rivets. 


Field Rivets. 


Field Rivets. 

30 

100 

30 

600 

100 

2,900 

150 

2,S00 

40 

200 

40 

1,200 

no 

2,900 

160 

3,000 

SO 

300 

50 

1,300 

125 

4,300 

180 

3,200 

60 

400 

60 

1,700 

140 

5,300 

200 

3,200 

70 

500 

70 

1,900 

150 

5,600 



80 

500 

80 

2,000 





90 

500 

90 

2,200 




1 

100 

600 

100 

2,400 


1 

I 

i 


The field rivets on the 20th St. Viaduct, Denver, Colorado, cost 7 cts. each. The rivets 
were driven by air riveters. 

Actual Costs of Erecting Railway Bridges. — The cost of erecting railway bridges on the A. T. 
& S. F. Ry. in 1907 are given in the report of the Assoc, of Ry. Supt. of B. & B. as follows: — 

Trusses, 984 tons erected, cost $4.63 per ton. 

Plate Girders, 2,784 tons erected, cost $5.49 per ton. 

I-Beams, 2,837 tons erected, cost $2.88 per ton. 

All girders and I-beams were erected with a steam wrecker and the through spans with a derrick 
car. The reason for the plate girders costing more to erect than the through trusses was that 
many of the plate girders .were on second track where the old girders had to be cut apart and moved 
to the outside and heavier girders put in their place. All rivets were driven by hand. For addi- 
tional examples of actual costs, see Gillette’s “Cost Data.” 

Transportation. — Fabricated structural steel commonly takes a “fifth-class rate” when 
shipped in car load lots, and a “fourth-class rate” when shipped “local” (in less than car load 
lots). The minimum car load depends upon the railroad and varies from 20, (xx) to 30,000 lb. 
Tariff sheets giving railroad rates may be obtained from any railroad company. The shipping 
clerk should be provided with the clearances of all tunnels and bridges on different lines so that 
the car may be properly loaded. 

Freight Rates. — ^The freight rates (1924) on finished steel products in car load shipments from 
the Pittsburgh District, including plate, structural shapes, merchant steel and iron bars, pipe 
fittings, plain and galvanized wire, nails, rivets, spikes and bolts (in kegs), black sheets (except 
planished), chain, etc., are as follows, in cts. per 100 lb. in carload shipments; Baltimore, 31; 
Birmingham, 58; Boston, 36J; Buffalo, 26|; Chicago, 34; Cincinnati, 29; Cleveland, 21 
Denver, 126; Detroit, 29; Kansas City, 73I; New Orleans, 67; New York, 34; Pacific Coast 
(all rail), 115; Philadelphia, 32; St. Louis, 43; St. Paul, 60. 

COST OP PAINTING. — ^The amount of materials required to make a gallon of paint 
and the surface of steel work covered by one gallon are given in Table VIII. Structural steel 
should be painted with one coat of linseed oil, linseed oil with lamp-black filler, or red lead paint 
at the shop; and two coats of first-class paint after erection. The two field coats should be of 
different colors; care being used to see that first coat is thoroughly dry Ixfore applying the second 
coat. Steel bridges and exposed steel frame buildings ordinarily require repainting every three 
or four years. 

The steel work in the extension to the i6th St. Viaduct, Denver, Colo., was painted with red 
lead paint mixed in the following proportions,— 100 lb, red lead, 2 lb. lamp-black and 4.125 gallons 
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of linseed oil. This mixture made 6 gallons of mixed paint of a chocolate color, and gave 1.455 
gallons of paint for each gallon of oil. 


TABLE VIII. 

Average Surface Covered per Gallon of Paint. 
Pencoyd Hand Book. 


- 

Paint. 

Volume of Oil. 

Pounds of 
Pigment. 

Volume and 
Weight of 
Paint. 

Square Feet. 

Gal. Lb. 

I Coat.! 2 Coats. 

Iron oxide (powdered) 

I gal. 

8.00 

1.2 = 16.00 

600 

350 

Iron oxide (ground in oil) 

1 I gah 

24.7s 

2.6 = 32.75 

630 

375 

Red lead (powdered) 

I gal. 

22.40 

1.4 = 30.40 

630 

375 

White lead (ground in oil) 

I gal. 

25.00 

1.7 = 33.00 

500 

300 

Graphite (ground in oil) 

I gal. 

12.50 

b 

11 

P 

0 

630 

350 

Black asphalt .... 

I gal. (turp.) 

17.50 

4.0 = 30.00 

515 

310 

Linseed oil (no pigment) 

I gal. 
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Light structural work will average about 250 sq. ft., and heavy structural work about 150 
s(\. ft. of surface per net ton of metal, w'hile No. 20 corrugated steel has 2,400 sq. ft. of surface. 

It is the common practice to estimate i gallon of paint for the first coat and f gallon for the 
second coat per ton of structural steel, for average conditions. 

The price of paint materials in small quantities in Chicago arc (1914) about as follows: 
Linseed oil, 50 to 60 cts. per gal.; iron oxide, i to 2 cts. per lb.; red lead, 7 to 8 cts. per lb.; white 
lead, 6 to 7 cts. per lb.; graphite, 6 to 10 cts. per lb. 

A go<xl painter should [)aint 1,200 to 1,500 sq. ft. of plate surface or corrugated steel or 300 
to 5(X) sq. ft. of structural stwl work in a day of 8 hours; the amount covered depending upon the 
amount of staging and the paint. A thick red lead paint mixed wdth 30 lb. of lead to the gallon 
of oil will take fully twice as long to apply as a graphite paint or linseed oil. The cost of applying 
paint is roughly equal to the cost of a good quality of paint, the cost per ton depending on the 
spreading (pialities of the paint. This rule makes the cost of applying a red lead paint with 30 lb. 
of pigment per gallon of oil from tw'o to three times the cost of applying a good graphite paint, 
per ton of structural steel. For additional data on paints, see Chapter X\\ 

MISCELLANEOUS COSTS.— The following approximate costs will be of value in making 
preliminary estimates. The cost of construction depends so much upon local conditions that 
average costs should only lx? userl as a guide to the judgment of the engineer. 

MILL BUILDING FLOORS. — The following costs are for floors resting on a good compact 
soil and do not include unusual difficulties. 

Timber Floor on Pitch -Concrete Base. — The cost varies from about $1.25 per sq. yd. for a 
2-in. pine sub-floor and a i-in. pine finish, to about$i.75 per sq. yd. for a 2-in. pine sub-floor and a 
l-in. maple finish. 

Concrete Floor on Gravel Sub-base. — The cost varies from $1.25 to $2.00 per sq. yd. 

Creosoted Timber Block Floor. — Creosoted timber blocks 3 in. to 4 in. thick, laid on a 6-in. 
concrete base, will cost from $2.50 to $3.50 per sq. yd. 

ROOFING FOR MILL BUILDINGS. — The following costs include the cost of materials 
and the cost of laying, but do not include the cost of the sheathing. 

Corrugated Steel Roofing. — The weight of corrugated steel roofing and siding may be ob- 
tained from Table I, Chapter 1 . The price of corrugated steel may be obtained from current 
quotations in Engineering News or Iron Age. The cost of laying corrugated steel is about $0.75 
per square when laid on plank sheathing, $1.25 per square when laid directly on the purlins, and 
$2.00 per square when laid with anti-condensation lining. The erection of corrugated siding 
costa from $o,y^ to $1.00 per square. Asbestos paper costs fiom 3! to 4 cts. per lb. Galvanized 

• Prewar, 1914, costs are given. 
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wire netting, No. 19, costs 25 to 30 cts. per square of 100 sq. ft. Brass wire, No. 20, costs about 20 
cts. per lb. No. 9 galvanized wire costs about 3 cts. per lb. For trimmings, flashing, ridge roll, 
etc., add i ct. per lb. to the base price of corrugated steel. 

Tar and Gravel Roofing. — Four- or five-ply tar and gravel roofing, for average conditions, 
costs from $3.75 to $4.00 per square, not including sheathing. Five hundred squares of 5-ply 
tar and gravel roofing, in 1912, in the middle west, cost $3.93 per square, not including sheathing. 

Tin Roofing. — Tin roofing costs from $7.00 to $9.00 per square, not including sheathing. 

Slate Roofing. — Slate roofing costs from $7.00 to $12.00 per sejuare, not including sheathing. 

Tile Roofing. — The cost of tile roofing is variable, depending upon style of roof and location 
and local conditions, and may vary from $13.00 to $30.00 per square, not including sheathing. 

WINDOWS. — Windows with wooden frames and sash, and double strength glass, will cost 
from 25 to 50 cts. per sq. ft. of opening. Windows with metal frames and sash and wire glass, 
will cost from 45 to 55 cts. per sq. ft. of opening. 

SKYLIGHTS. — Skylights with metal frames and sash and wire glass, will cost from 50 to 
60 cts. p>er sq. ft. Skylights made of translucent fabric stretched on wooden frames, will cost 
from 25 to 30 cts. p)er sq. ft. Louvres without frames, will cost about 25 cts. per sq. ft. 

CIRCULAR VENTILATORS. — Circular v^entilators will cost about as follows: — 12-in., 
$ 2 . 00 ; i8-in., $6.75; 24-in., $10.00; 36-in., $15.00 each, when ordered in lots of at least six. 

ROLLING STEEL SHUTTERS. — Rolling steel shutters will cost $0.75 to $1.00 per sq. ft. 

WATERPROOFING. — The following costs for waterproofing cngin(‘ering structures are 
taken from the Proceedings of the American Railway Engineering Ass<x'iation, V'ol. 12, 1911. 

(1) Bridge floor, 6-ply felt and pitch, 12J cts. per sq. ft., including protection over wat(Tproofing. 

(2) Trough bridge floor, 4-ply burlap and asphalt, 10 to 16I cts. per s(j. ft. (3) Bridge floor, 3-ply 
burlap and asphalt, and asphalt mastic, 16 cts. per stp ft. (4) Concrete slab bridge floor, 5-ply 
felt, l-ply burlap and pitch, 15 J cts. per sq. ft., including a 10 year guarantev. 

MISCELLANEOUS MATERIALS. — The following prices are for small lots, f.o.b. Pittsburgh 
(May, 1914). 

Chain. — Standard chain, A in., ji cts. per lb.; i in., 3 ct.s. per lb.; i in., 2.6 cts. per lb. 
For BB chain, add ij cts. per lb., and for BBB chain, add 2 cts. pi*r lb. 

Nails. — Base price of nails, $2.00 p)er keg of 100 lb. — 2od to 60 d nails are base; for lod to 
l6d, add 5 cts. per keg; for 8d and qd, add 10 cts. per keg; for 6d and 7d, add 20 cts. per keg; 
for 4d and 5d, add 30 cts. per keg; for 3d, add 45 cts. per keg, and for 2d, add 70 cts. per keg. 

Gas Pipe. — Gas pipe costs about as follows: — Standard gas pipe i in. diam., black, 3} cts. 
per ft., glavanized, 5 cts. per ft.; 2 in. diam., black, 7J cts. px?r ft., galvanized, 1 1 cts. per ft.; 3 in. 
diam., black, i6i cts. jxjr ft., galvanized, 23 cts. per ft. 

Steel Railroad Rails. — Bessemer rails, $28 per gross ton (2240 lb.); open-hearth, $30 per 
g;ross ton. 

Wire Rope. — The cost of steel wire rop)e is about as follows: — J in. rope, 10 cts. pcT lineal ft.; 
} in. rope, 13 cts. per lineal ft.; i in. rope, 20 cts. per lineal ft.; in. rope, 45 cts. per lineal ft. 

Manila Rope. — Manila rope costs about 12 J cts. per lb. Sisal roix? costs about 9 cts. per lb. 

HARDWARE AND MACHINISTS SUPPLIES. — Prices of hardware and machinists 
supplies are for the most part quoted by giving a discount from standard list prices. The “ Iron 
Age Standard Hardware Lists,’* price $5.00, may be obtained from the Iron Age Rook Depart- 
ment, 239 W. 39th St., New York Discounts from these standard lists are given each week in 
Iron Age The base prices of structural materials are given in the first issue of each month of 
Engineering News-Record, and are given in each issue of Iron Age. 

REFERENCES. — For detailed estimates of steel mill buildings and additional data on the 
cost of steel mill buildings see the authors' “ The Design of Steel Mill Buildings.” For detailed 
estimates of steel highway bridges and additional data on the cost of steel highway bridges, see 
the author’s ** The Design of Highway Bridges.” For data on the cost of retaining walls, bins and 
grain elevators, see the author’s “ The Design of Walls, Bins and Grain Elevators.” For data 
on the cost of steel head frames, coal tipples, and other mine structures, see the author’s ” The 
Design of Mine Structures.” 



CHAPTER XIV. 

Erection of Structural Steel. 

METHODS OF ERECTION. — The method used in erecting a steel structure will dep>end 
upon the type of structure, the size of the structure, the risk to be taken, as in bridge erection, 
whether the structure is to be erected without interfering with traffic, as in erecting a railroad 
bridge to replace an existing structure, or in erecting a building over furnaces or working machinery, 
the available tools, and local conditions. The tendency of modern structural steel erection 
practice is, as far as possible, to use derrick cars for erecting railway bridges and locomotive cranes 
for erecting mill buildings and other structures. 

The methods of erection that may be used for erecting different steel structures are as follows. 

Plate Girders and Short Riveted Spans. — Plate girders up to about 6o ft. span are very 
commonly riveted up complete with cross frames and bracing, either at the shop orat the site, and 
are placed in position on the abutments. With plate girders longer than 6o ft. and short riveted 
trusses one girder or truss is placed in position at a time and the floorbeams and bracing are put 
in place after the girders or trusses are in place. The girders or trusses may be swung into place 
by a stiff-leg derrick or a guy derrick set up alongside the track or back of the abutment where 
there is no track; by a derrick car, or may be hoisted into place by a gin pole. Where falsework 
has been placed girders are picked up from the cars by two gallows frames, one near each end of the 
span, or by one gallows frame and a derrick. Plate girders may also be put in place by sliding 
into place either longitudinally or transversely, or by jacking and cribbing. 

Truss Bridges. — Riveted trusses up to a span of loo to 125 ft. may be riveted up on the 
bank and be swung into place by a boom traveler or a derrick. The floorbeams and bracing 
are then put in place and the span riveted up. Where falsework is required the bridge may be 
erected by a gantry or outside traveler placed outside of the trusses, by a boom traveler running 
on a track placed inside the trusses, or by a derrick car. The gantry’ or outside traveler is com- 
monly used for long spans and for highway spans where no tracks are available. The boom 
traveler is commonly used for elevated railw’ay and highway viaducts. The derrick car is now 
commonly used for erecting railway bridges and is sometimes used for erecting viaducts. 

Cantilever Bridges. — Cantilever bridges are commonly erected by means of an overhang 
traveler running on the completed portion, the structure being built out from the shore. Canti- 
lever bridges are sometimes erected on falsework in the same manner as simple trusses. 

Arch Bridges. — .Arches may be erected on falsework in the same manner as simple truss spans, 
or may be cantilevered out from each abutment, the cantilever being supported by temporary 
cables running over a tower placed back of the abutments. 

High Viaducts. — High steel viaducts arc commonly erected by means of an overhang or 
boom traveler running on a track on top of the viaduct girders. The overhang or boom is long 
enough to place a tower in advance with the traveler on the completed portion. Derrick cars 
have also been used for erecting high steel viaducts. The towers and the girders may be erected 
by means of gin poles. The tower bents may be bolted up before raising or may be erected and 
bolted up in place. 

Roof Trusses, Mill and Office Buildings. — Where there is sufficient room, roof trusses up 
to 150 ft. span may be riveted or bolted up on the ground and may then be raised into position 
by means of one or two gin poles. Two gin poles should be used for long trusses. Care should 
be used not to cripple the lower chord. With light trusses, the low'er chord members should be 
stiffened by means of timbers or other stiff members temporarily bolted or lashed to the member. 
Columns and beams in office buildings may be erected with stiff-leg or guy derricks, or “A’* 
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derricks may be used for loads up to 5 tons. The bents of steel mill buildings may be erected in 
the same manner. Roof arches and train sheds are sometimes erected by means of falsework, 
which is moved as the erection proceeds. Boom-tower derricks running on tracks are found 



{b) Derrick Crab (d) Hoistins Engine 

Fig. I. Hoists for Steel Erection. 

very convenient. Locomotive cranes are now used for erecting mill buildings and similar struc- 
tures where tracks are available. 

Elevated Towers and Tanks. — The towers for high tanks are commonly erected by means 
of a gin pole. A gin pole long enough to erect the entire tower may be used, or short gin poles 
may be lashed to the part of the tower already erected; the gin poles being moved up as the erection 
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proceeds. Steel tanks are commonly erected from a movable platform suspended inside the 
tank. A movable swinging platform for the riveters is also swung outside of the tank. 

erection tools. The tools and appliances used in the erection of structural steel vary 
so much that it will only be possible to give a brief summary together with data not ordinarily 
available. Many of the tools and appliances used in the erection of structural steel are of standard 
contruction and may be purchased direct from dealers, so that a detailed description is not neces- 
sary. 

Design of Erection Tools. — For the design of hoists, derricks, cranes, crane hooks, and other 
tools used in bridge erection, see Hess’s “Machine Design, Hoists, Derricks, Cranes,” published 
by J. B. Lippincott Company. 

Hoists. — Hoisting engines may have the boilers attached or may be detached. A self-con- 
tained steam hoisting engine is shown in Fig. i. Gasoline or electric power may be used to 
advantage where available. For light hoisting the 4-spool engine is commonly used. Data for 
the standard hoisting engines used by the American Bridge Company arc given in Table I. 

Winches and Crabs. — For light hoisting winches or crabs operated by hand power may be 
used. A crab is attached to the mast or boom, while a winch is self-contained. Views of a crab 
and of a winch are show’n in Fig. i. 

HOISTING ROPE. — Either manila rope or wire rope may be used for hoisting. 

Manila Rope. — Only the very best new manila rope should be used for hoisting, as manila 
rope rapidly deteriorates when used and commercial manila ro|x* varies greatly in strength. The 
weight, ultimate strengths and safe working loads for manila rope are given in Table II. Working 
loads with a factor of safety of thrcHi should only be used with new rope of the best quality. 

TABLE I. 


Standard Hoisting Engines. American Bridge Company. 




Lead Line 


Drums. 


Boilers. 

Bed. 1 


Ordinary 

Rated 

II. P. 

Pull 

Siiifile Line 

Weight 
with Boiler, 
Lb. 

Diam., 

_ 

Length. 

Spools, 

Size, 

In. 

Diam., 

Length, 

Width. 

Length, 


Speed, Lb. 

In. 

In. 

In. 

In. 

Ft-ln. 

Ft-In. 

Double Drum, 

4 Spool 

20 H. P. 

5,000 

12,000 

14 

26 

17 

42 

96 

5-0 

8-0 

Double Drum, 

4 Spool 

35 M- P- 

g,ooo 

15,000 

14 

27 

19 

46 ' 

108 

6-0 

1 0-0 

6 Spool 

45 n. P. 

12,000 

22,000 

16 

30 

22 

50 

108 

7-0 

II-O 

8 Spool 

60 H. P. 

15,000 

30,000 

16 

34 

22 

54 

108 

8-0 

12-0 


TABLE 11. 

Manila Rope. Ultimate Strength, Weight and Working Stress of Best 

Manila Rope. 






Working Load 

for Derricks. | 



Circumference 

Weight 100 Ft. 

Ultimate 



Minimum Size 

Diameter, In. 

of Rope, In. 

Rope. Lb. 

Strength, Lb. 

Used Rope. 

New Rope. 

of Drum or 





Factor of 6, Lb. 

Factor of 3, Lb. 


5 

1-57 

7 

1,800 

300 

600 


1 

2.37 

17 

4,000 

670 

1,340 


1 

2.75 

24 

5400 

900 

1,800 


1 

3*4 

28 

7,200 

1,200 

2,400 

8 

i 4 

3-93 

46 

11,200 

1,870 

3,740 

10 

li 

4.71 

64 

16,000 

2,670 

5,340 

12 


5.50 

84 

21,600 

3,600 

7,200 

H 

2 

6.28 

IIS 

28,500 

4,750 

9,500 

16 


7.86 

17s 

45,000 

7,500 

15,000 


3 1 

9.42 

252 

64,200 

10,700 

21,400 1 
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Knots in Manila Rope , — In a knot no two parts which lie alongside of each other should 
move in the same direction in case the rope were to slip. A few of the more common knots are 
shown in Fig. 2 which has been taken from C. W. Hunt Company’s book on “Manila Rope.” 


1. Bight of a rope. 

2. Simple or Overhang Knot. 

3. Figure 8 Knot. 

4. Double Knot. 

5. Boat Knot. 

6. Bowline, first step. 

7. Bowline, second step. 

8. Bowline, completed. 

9. Square or Reef Knot. 

10. Sheet Bend or Weaver’s Knot. 

11. Sheet Bend with a toggle. 

12. Carrick Bend. 

13. “Stevedore” Knot completed. 

14. “Stevedore” Knot commenced. 

15. Slip Knot. 


16. Flemish Loop. 

17. Chain Knot with toggle. 

18. Half-hitch. 

19. Timber-hitch. 

20. Clove-hitch. 

21. Rolling hitch. 

22. Timber-hitch and Half-hitch. 

23. Black-wall-hitch. 

24. Fisherman’s Bend. 

25. Round Turn and Half-hitch. 

26. Wall Knot commenced. 

27. Wall Knot completed. 

28. Wall Knot Crown commenced. 

29. Wall Knot Crown completed. 


‘‘The bowline 7 is one of the most useful knots; it will not slip, and after being strained is 
easily untied. Commence by making a bight in the rope, then put the end through the bight 
and under the standing part as shown in Fig. 2, then pass the end again through the bight, and 
haul tight. 

“The square or reef knot 9 must not be mistaken for the ‘granny’ knot that slips under a 
strain. Knots 8, 10 and 13 are easily untied after being under strain. The knot 13 is useful 
when the rope passes through an eye and is held by the knot, as it will not slip, and is easily untied 
after being strained. 

TABLE III. 


Crucible Steel Hoisting Rope. Weight, Ultimate Strength and Working Loads of 
Wire Rope Composed of 6 Strands and a Hemp Center, 19 Wires to the Strand. 


Diameter. 

In. 

Approximate 

Circumference. 

In. 

Weight per 
Ft.. Lb. 

Approximate Break- 
ing Stress. Lb. 

Safe Working Stress 
for Derricks. Factor 
of 4. Lb. 

Minimum Size of Drum or 
Sheave. 

Derricks, In. 

Rapid Hoist- 
ing. In. 

1 

It 

0.22 

10,000 

2,500 

6 

12 

A 

li 

0.30 

13,600 

3,400 

7 i 

*5 

i 


0.39 

17,600 

4,400 

9 

18 

A 

li 

0.50 

22,000 

5,500 

10 

21 

t 

2 

0.62 

27,200 

6,800 

12 

27 

! 

2J 

0.89 

38,800 

9,700 

14 

36 

} 

if 

1.20 

52,000 

13,000 

18 

42 

I 

3, 

1.58 

68,000 

17,000 

20 

48 

li 

3 i 

2.00 

84,000 

21,000 

22 

54 

ij 

4 , 

2.4s 

100,000 

25,000 

24 

60 

1} 

4 i 

3.00 

124,000 

31,000 

27 

66 


4 i 

3-55 

144,000 

36,000 

30 

6q 


“The timber-hitch, 19, looks as though it would give way, but it will not; the greater the 
strain the tighter it will hold. The wall knot looks complicated; but is easily made by pro- 
ceeding as follows: Form a bight with strand a and pass the strand h around the end of it, and 
the strand c around the end of b, and then through the bight of o, as shown in the engraving 26. 
Haul the ends taut, when the appearance is as shown in 27. . The end of the strand a is now laid 
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over the centre of the knot, strand h laid over a, and c over 6, when the end of c is passed through 
the bight of a, as shown in 28. Haul all the strands taut, as shown in 29.” 

The efficiency of a knot will vary from 45 to 75 per cent. 

TABLE IV. 


Plough Steel Hoisting Rope. Weight, Ultimate Strength and Working Loads of Wire 
Rope Composed of 6 Strands and a Hemp Center, 19 Wires to the Strand. 







" 

Minimum Size of Drum 

Diameter, 

Approximate 

Weight per 

Approximate 

Safe Working Stress 

or Sheave. 

Circumference, 

Breaking 

for Derricks, 

. 

— — 

In. 

In. 

Foot, Lb. 

Stress. Lb. 

Factor of 4, Lb. 

Derricks, In. 

Rapid Hoisting, 






In. 

1 

li 

0.22 

11,500 

2,870 

9 

18 

A 

li 

0.30 

16,000 

4,000 

loj 

21 

i 

ij 

0.39 

20,000 

5,000 

12 

24 

A 

li 

0.50 

24,600 

6,150 

H 

27 

f 

2 

0.62 

31,000 

7,750 

14 

33 

1 

2i 

0.89 

! 46,000 

11,500 

16 

39 

i 

2i 

1.20 

58,000 

14,500 

18 

4 « 

1 

3 ^ 

1.58 

76,000 

19,000 

20 

54 

i| 

3 i 

2.00 

94,000 

23,500 

24 

60 

ij 

4 ^ 

2.4s 

116,000 

29,000 

28 

72 

1} 

4 * 

3.00 

144,000 

36,000 ' 

32 

81 

li 

4I 

355 

164,000 

41,000 

i 

84 


TABLE V. 

Data on Wooden Blocks for Ma.nila Rope. A.merican Bridge Company. 


Type of Block. 

Nomi- 
nal 
Size, 
In. 1 

Width 
of Shell, i 
In. 

Thickness 
of Block, 
In. 

Ca- 

pacity, 

Tons. 

1 

1 Size of Line, In. 

Outside i 
Diameter 
of Sheave, 
In. 

VWiRht, 

Lb. 

Single with hook 

8 

5§ 

4i 

i 

, 2 

7 

1 


15 

Double with hook 

8 

Si 

6| 

4 

1 

4i 

20 

Single with hook 

12 

8i 

si 

5 

<i 

7i 

45 

Double with hook 

12 

8i 

8 | 

7 

li 

7} 

1 70 

Triple with hook 

12 

8i 

IlJ 

8 


7i 

1 95 

Single with hook 

14 

io\ 

6 

6 

i li 

9 

70 

Double with hook 

14 

loi 

8 | 

10 


9 

'15 

Triple with hook 

14 

loi 

I3J 

12 

li 

9 

150 

Quadruple with shackle . . 

14 

loi 

i6i 

‘4 

li 

9 

190 

Single with hook 

16 

Ilj 


1 ^ 


10} 

90 

Double with hook 

16 

llh 

io| 

1 12 

i! 

loj 

140 

Triple with hook 

16 

\ Iii 

13I 

1 15 

li 

lol 

190 

Quadruple with shackle . . 

16 

1 

17J 

I 20 

1 

u 

lol 

270 

Single with hook 

20 

1 14 

H 

*5 

2 or 24 

I2i 

170 

Double with hook 

1 20 

H 

12} 

22 

2 or 2: 

I2i 

230 

Triple with hook 

20 

14 

i7i 

30 

2 or 2 

I2i 

360 

Quadruple with shackle. . 

20 

14 

21} 

35 

2 or 2} 

I2J 

430 

16" snatch block 

16 

8i 

5 

5 i 

J or I } or I } 

8 

50 

20" snatch block 

20 

9i 

6i 

8 

1} or I J or 2 or 2 J 

9 1 

95 


Wire Rope. — Wire hoisting rope is now used for heavy hoisting and in all cases where prac- 
ticable. Wire rope is much more reliable, gives much greater service, and is much more eco- 
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nomical and satisfactory than manila rope. Data on crucible cast steel hoisting rope are given 
in Tabic III; and data on plough steel hoisting rope are given in Table IV. A factor of safety 
of 4 should be used for working loads only with derricks or hoists that are not in continuous 
action. For pile driving and for continuous hoisting a factor of safety of 6 should be used for 
working loads. Wire rop>cs used in hoisting are commonly J and J in. in diameter. The smaller 
diameters are used for guy lines. For standing guy lines a cheaper wire rope will usually be 
found satisfactory. Bending stresses in wire ropes are given in Fig. 7, Chapter X. 

HOISTING TACKLE. — Bkxrks for both manila rope and wire rope are made with wooden 
shells and with steel shells. Blocks up to 12 to 15 tons capacity are commonly provided with 
hooks; blocks for heavier loads are provided with shackles. Blocks should be well built with 
adequate bearings and carefully worked out details. The common types of blocks are shown in 
Fig. 3 - 

Data on wooden blocks for Manila rope as used by the American Bridge Company are shown 
in Table V. 

Data on steel blocks for wire rope as used by the American Bridge Company are shown in 
Table VI. 

TABLE VI. 

Data on Steel Blocks for Wire Rope. American Bridge Company. 


Type of Blo<'k. 

Width of 

Thickness 

Capacity, 

Size of 

Outside 

Weight, 

Shell. In. 

of Block, 
In. 

Tons. 

Line, In. 

Diameter of 
Sheave, In. 

Lb. 

Snatch with hcy)k 

17 

7 l 

8 

1 and 1 

14 

260 

Single with shackle 

21 

6 

10 

i 

14 

250 

Double with shackle 

21 

82 

20 

3 

i 

H 

390 

Triple with shackle 

21 

III 

30 

a 

4 

H 

590 

Quadruple with shackle ' 

21 

Hi 

40 

1 

H 

820 

Six sheave with shackle 

21 

20i 

60 

1 

14 

1,260 


Rigging. — The rigging for lifting lofids with wire rope arc giv^en in Fig. 4, and for manila 
rope in Fig. 5. These data arc based on cx|xTiments made by the American Bridge Company, 
and have been adopted as standard by the American Bridge Company and the McClintic-Marshall 
Construction Company. 

TABLE VII. 

Ratios of Load to Pixl in Lead Line. 


Diam. of 
Rope, In. 

_i ' 

i| 

2 

Work- 

ing 

L^d, 

Lb. 

Manila Rope. 

Lift per Unit Pull in Lead Line for Tackle with Parts as follows. 

I 

2 

1-93 

1.92 

*•93 

1.92 

1.91 

1.91 

1.91 
1.90 

3 

4 

348 

3-37 

3-50 

3-37 

3.36 

330 

3-32 

3.28 

5 

b 1 7 

8 

9 

10 1 11 

12 

*3 

*4 

1.900 

2.300 
3,100 

4.300 

5.900 
7/)oo 

10.300 
13.100 

0.86 

0.83 

0.87 

0.83 

0.83 

0.81 

0.82 

0.80 

2.73 

2.68 

2.74 

2.68 

2.67 

2.64 

2.65 
263 

4.12 

3-9'; 

4.16 

3-95 

3-93 

3 - 8 t 

387 

3.80 

47 J i 5-23 
+48 4.92 
4 - 77 i 5-30 
448 4.92 
445 4.89 
4-35 4-72 
4-37 14-78 
4.28 I4.65 

5.71 

5-32 

5.80 

5-32 

5.28 

5.08 

5-14 

js-oo 

6.12 16.50 1 

5.6615.96' 
6.23 16.63 
5.65 15.96 
5.61 5.91 
5-37 5 -b 4 
5-45 iS.72 
5-27 15-52 

6.83 

6.22 

6.98 

6.21 

6.15 

5.85 

5.94 

5-72 

7.14 

645 

7.30 

644 

6.38 

6.04 

6.15 
5.90 

7.40 
6.64 
7.58 
6.63 
6.56 
6.20 
6.3 1 
6.04 

7.64 

6.82 

7.85 

6.81 

6.73 

6.34 

646 

6.17 

Wire Rope. 

1 

16,600 

0.86 

1-93 

2-73 

347 

4.11 

4.70 5-2o|,(;.68 

6.08 

6.46 

6.78 

7.08 

7-34 

7.58 





Fall Line Ball Wewhted Sheave Strap Sheave Blocks 
Block 

Fig. 3. Blocks fob Hoisting. 
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LIFt 

Tons 

Leadline 

PuIhLbs* 

Rigging 
j" Wiie Rope 

JO 

5.700 

Double C 

4 Parts 

Double C 

r 

4 P^s 
Double^Z 

N 

> 

20 

8,500 

Triple C 

6 Parts 
Triple t 

r 

yCy Double 

6 Parts 

Triple 


iO 

10,600 

Quadruple C 

8 Parts 

Quadruple K 

r 

/OJripk r 
8 Parts 
Quadrup!^ 1 


40 

10,700 


yQbSbfoy'C 
/3 P^s 1 
6 Sheav^ ^ 

j 

60 





LiFt 

Tons 

Lead Line 
PuIhLbs- 

Rigging 
g- fTire Rope 

JO 

7,500 

Double C 
5 Parts 1 
Single t 


/O'Shgle^ 

5 flints \ 

Single X. 

■\ 

> 

20 

11,000 

Double C 

4 Parts 

Double C 


/OSmg/eC 
4 Parts 

Double 


50 

15,800 

Triple C 

6 Parts 
Triple t 

}' 

yOQo^hle 

6 Parts 

Triple 


40 

15,000 

Quadruple^ 
S Parts 
Quadruple t 

r 

/OTripIeC 
8 Pa^s 
Quadruple 

J 

60 

19,000 


II Parts 1 
SSheai^ 

ij 


LiFt 

Tons 

Le3dUne 

Puil-Lbs- 

Wire ^ope 

JO 

7,400 

Double C 
5 Parts 1 
Single C 

\ 

/OsWeC 
5P^t3 \ 
Single 

■V 

20 

9,800 

Triple 

5 Parts \ 
Double cl 

\ 

/CyDouble^ 

5 Parts 1 

Double^t 

\ 

✓ 

50 

II, 700 

Quadruple C 
7 Parts \ 
Triple t 


/QSTripleC 
TP^ts i 
Triple 

N 

S 

40 

15,400 


SParhs \ 
Quadruple 

J 

60 

16,600 


/O^bearr 
15 Parts 1 

65heay^ 

s 


Best Cruc/B/e Cast Steel No/st-- 
/h^ Rope : 6 Strand ^ /9 IVfres to a 
Strand and Hemp Core* 

These values are on/y For tackle 
as shotvn > IF the lead line Is snatch- 
ed or passes over add/tlonal sheaves, 
capacity diminishes* 


Lifting Capacity of Tackle 

STEEL SHELL BLOCKS 
WITH WIRE ROPE 


Fig. 4. 
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Uft 

Tons 

Rigging 
jjf!* Manila Rope 

LiFt 

Tons 

RlSSi'>9 

If Manila Rope 

Lift 

Tons 

^pigging 

If Manila Rope 

4 

Single C 

2 farts 
Single t 


<y\Single * 

2 Parts 

\J 

5 


\ 

KyBingle ' 

2 Parts 
Single\z 

10 


j 

■ 

5 

Double C 

3 Parts 

Single C 

> 

0\5//y/tf C 

6 

H 

1 


u 

Triple C 

6 Parts 

Triple t 


<D\Double 0 

GP^rts \ 

\ ' 
Triple Nj 

6 

Double C 

4 Parts 

Double t 


0\Single C 

4 Parts \ 

\ ' 

Double nCI 

■ 

1 

i 

0\5/>^/^C 

4 Parts 1 

\ ' 
Double Nj 

12 

Triple C 

6 Parts 

Triple C 


<D\Double^ 
6 Parts \ 
Triple Ndl 

7 

Double C 

4 Parts 

Double t 

j 

0\5ingle C 

4P^rt3 \ 

\1 

Double Nj 

8 

■ 

I 

'CK^ngle C 

4 Parts 1 
Doubled 

13 

Quadrupled 

8 Parts 

Quadrupled 


0\Trip/e 0 
8 Parts \ 
Quadn^^ Z 

8 

Triple 

6 Parts i 
Trip/e C 

[ 

‘0\Doable O 
6 Parts 1 
Triple NJ 

9 

Double C 

4 Parts 

Double t 

1 

4Pdrts 1 
Double^D 

14 

Quadrupled 

8 Parts 
Quadrupled 

1 

J 

C\Trip/e Q 
8 Parts 1 
Quadrupf^ 


Lift 

Tons 

Rigging 

2" Manila Rope . 

20 

Triple 

6 Parts j \i 
Triple d 


22 

Triple C 

6 Parts 

Triple C 

:)■ 

11 

<iy\^uble Y 
GP^rts 1 
Triple ^ I 

24 

Quadrupled 

8 Parts 

Quadrupk\ 

- 


26 

Quadrupled 

8 Parts 
Quadruple 



28 


^ 1 ' 


12'* Blocks for I kope- 
Copdc/ty of Blocks 

Single ivith Hook, 5 Tons- 
Dovb/e ty/th Hook, 7 Tons- 
Triple mth Hook, 8 Tons- 
Approximete pul/ on lead line, 2 Tons* 
lA'^Biocks for li Rope - 
Capacity of Blocks 

Single tvith Hook, 6 Tons- 
Poubie py/th Hook, iO Tons- 
Triple trith Hook, 12 Tons- 
Quadruple m'th tackle, 14 Tons* 
Approximate pull on lead line, 3 Tons* 

20** Biocks for 2'^ Rope - 
Capacity of B/ocks 

Single rribh Shackie, 15 Tons- 
Pouble mth Shackle, 22 Tons- 
Triple mth Shackle, 30 Tons- 
Quadruple tvith Shack ie, 35 Tons- 
Approximate puli on lead line, 5 Tons- 
These values are only for tackle as shopvn- if lead 
line is snatch^ or passes over additional sheaves, 
capacity diminishes* 

Liftinc Capacity of Tackle 

WOODEN SHELL BLOCKS WITH MANILA ROPE- 

Fig. 5. 
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Efficiency of Tackle. — The efficiency of rigging as calculated from tests made by the Ameri- 
can Bridge Company is given in Table VII. The tables may be used in calculating the loads 
that can be lifted by tackle as follows: — 

Given pull in lead line, to find load lifted — Divide the pull by 1.20 each time line is snatched 
or passes over sheaves other than those in tackle blocks; multiply quotient by ratio of load to 
lead line pull, Table VII, and the result is the load lifted. For example, lead line pull of engine 
=« 10,000 lb.; rigging as follows:— 2 snatch blocks, 2 sheaves, and 7 parts of in. line in main 
10,000 

falls. Then Load lifted = X 4.89 = 23,600 lb. If load to be lifted is given, to find 

pull in lead line, reverse above operation. 


TABLE VIII. 

Data on Chains. American Bridge Company. 


Size, 
Diam. of 
Bar, In. 

Weight 
per Foot 
in Lb.. 

Outside 
Lengths of 
Links in In. 

Outside 
Width of 
Links in In. 

Proof Test 
in Lb. 

Ultimate 
Strength in 
Lb. 

Working 
Load in Lb. 
Factor of 3 . 

Working 
Load in Lb. 
Factor of 4* 

i 

2-5 

2l 

ll 

7,700 

15,000 

5,000 

3,800 

1 

4.10 

\ 

2i 

12,000 

23,000 

7,600 

5,700 

1 

670 

3 i 

2i 

17,000 

33,000 

11,000 

8,200 

i 

8.37 

4 

3 , 

22,000 

43,000 

14,300 1 

10,700 

I 

10.50 

4 i 

3 f 

29,000 

56,000 

18,600 

14,000 

li 

13.62 

s\ 

3 i 

37,000 

71,000 

23,600 

17,700 


16.00 

sl 

4 i 

46,000 

88,000 

29,300 

22,000 

i| 

19.25 

6J 

4 i 

55,000 

106,000 

35»300 

26,500 

li 

23.00 

7 

si 

66,000 

126,000 

42,000 

31,500 

li 

28.00 

7 i 

si 

74,000 

141,000 

47,000 

35,200 


^ Ring Chdin 

U- - -Z' 

Totd! PVe/ght cFChsin = L' (e-FOj ^ //•/ 


•1 4": 



Tobd/ iVeight cF Chsin 



Tots/ Weight oF Chdin ^ L'( 6-^0) '*‘48-5 
(Jsus/ Length oF U is 8 Feet* 



Fig. 6. Chains. 
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sr /iv, //' 



j?/y£r Hammer ' 
Weight- Bits- 




y? 

Rivet Buster 



Handle Bouse Cold cutter 



j Rivet set (snap) j' Rivet Set (Snap) f Rivet Set (Snap) 



j Rivet Set (Snap) 




B Pound Maul Pin Maul Drift Pm 


Fig. 7. Tools for Steel Erection. American Bridge Company 
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4." •?' I’ ^ /i" ^ 

hJ* i 7} W -M 

! 4^ U i Jjt / .(: ! 


Diamono Point 


==^ ~ -- -i: 

^ ^ 

^A!0 (5bwsf 


Cope Chisel 


Cutting '• 


/ir\ /ttn ^ 'r^'~'X /TTv ® ^ 


RiY£r Buster 




-?-J 

^ V 

!»> 1 ;., 


Connect/no Bap 


j- ^ ^ r-— ^ 

3 ./ ySETCUPPEPS j’SETCuPPEPS 5ET TRIMMER 
=.:;y« 




5'5r 


(Tzah' 5 ar 


S'6f 


^'■H M- 


V' 


Mp 


r3r/,f 


u- 


T&Tform Wrenches 




2f:n^'~V Rivet V' Tffp==4==’ 

/f "Tool Steel -h 

’/ t ,, 

Shackle Bar ^Sti^foRK Wrenches 

Fig. 8. Tools for Steel Erection. American Bridge Company. 
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For^''rfvet- rj For ^ rivet 
1'3^/i ^ "I'iv^F ]'j “For i "rivet- 

I;; 

2"^ i S' I /'S' ,V(# 

H >K *4 

STRAienr Dolly 


rivets' for^ rivets 

For privets y- ^ ^ For § ^rlvetS' 
! ~ ^ 


lol:'^" 


6"\ 2't 

H — .>f» 

STRAiSHT Dolly 


tJF t ff 

Diom- oFct/pfor§ rivet • I4, For^ 

Depth cFcupFbrYrivet-fy,Forj'~Y 


iJ-'.-/ 

12' H 


K— ^-— — — 53 


1 

1 

1 

' -♦ 

1 

X..- 


Goose Neck Dolly 


/^%r 4'r/veCs^, 
l-^"Fcr ■§"rivets-i 
^•^^’rivets^ ;:;^= 


rlEF0r^nvet,l^F0r{f ,-/» 
/ ■ ri’c ref/Og 

; ^,'Yi For:f rmt, g For g J -j# 

• rr - i 

Bent Dolly 


^ \ 1 

^ " For § rivets^’i 


t 

t I 

*hk:-2" I 


Heel Dolly 


.i'Forj'r/vets.YPorf' 

’1 ^^^-fi'For ^'rivets, lie Forj' 


'T$ For privets, j For § 

“^^''4 ‘rivets, iji'Forj:" 

~ — I r s 




cz: 

D'O" 

Club Dolly 



Club Dolly Bent 



Fig. 9. Tools for Steel Erection. American Bridge Company. 
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7' 95" 


V9‘ 


it 


OiOn 




^ I 

''iNi 

^<>1 


TT 

r^l 

2 " 

^ 

u 


vc~ 

A 

J i.t 


1 

j 1 

-t ' 








''-2’ ''/i" 

Medium Key Wrench 


^ ^ Ring 

^''Z" Diunf 


■f 




Fig. 10. Tools for Steel Erection. American Bridge Company. 
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blacksmith’s tools 




ComtUSATED IRM DOLLY SMAU CmU6AT£D IkON SHEAES 

Fig, II. Tcx)ls for Steel Erection. American Bridge Company. 
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Fig. 13 - Tools for Steel Erection. American Bridge Company. 
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a ' o " 

I* Hand/e oF 

A ssh or hickory 

Eye bolt to turn m handle~ - ^ kings, 'Eye Bolt j (f 

■y’ Octagonal 3teeh'{/j'^\ g Hole in head 

6^---'' oF l^“diam>(^' 


6 a oF la diamsu 


'/V Ring, 4" Diam 


CARfiYiNe Hook 


"Clevis 


'rfffBolt 

■*i 1 2 ' 5 -" ' 


Ctevis ^ 5 " i / 4 *V 

5 Diam-' . '*• 




Small Timber Hook 


Large Timber Hook 


/"si" 2i’ 

f ff ie-m- -■ ~M ht- 


fHo / e .^ 


Plate A 


'JL 

? 2 ' 

^:b=: 


i'Hok' 


1 gs " 3 " 

./ f * -H 


\' 4 P / 9 teA u j ! c - 5 -** 

) Handle of ^ ^ ^ ^ 

I i P/vet .. u- 1 fJ- i f«!i:_-------^- --H 

L R Hickory U (4 ^Tx 1^' 

"Hook D ' i 

/ i R/3£e-'‘4\--i 


' r ' Ho/e 


uuit : ^ > 

i-jf 


Cant Hook Fo'nt- 


/'?' ?*:. Zi' 


3 ? 

- ->1 H-** 


Steel Wedge 


Oak Wed 6£ ""S'* 


For Doubfe Nut Falsework 

f 3 ^ . , ^ Softs, L= Or/p 'f’ S'' i4 

A S \* ^ H A'^A 

I } , — , I — I I \For Single Nut Falsework li — 1 I ^ 

irii" iiiMi viMrt r^ y 

LiX z : i i4 

^ ^ 

' Square Nuts '' Standard Falsework Bolts Square Head & Nut 


Fic. 13. Tools foe Steel Erection. American Bridge Company. 
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Chains.— Chains should be made of the best grade of double refined iron, and should be 
fabricated with great care. Details of a |-in. ring chain; a i-in. hook chain, and of a J-in. twin 
hook chain, as made for the American Bridge Company, are given in Fig. 6, and data on chains 
are given in Table VIII. 

Jacks. Hydraulic and power lifting jacks of the necessary capacity should be provided. 

Miscellaneous Tools. In addition to the standard tools required by bridge carpenters and 
by the blacksmiths many special tools are required by structural steel erectors. The most im- 
nortant special tools required in steel erection as used by the American Bridge Company are 




5h£AR mmATfo srm Steamboat ratchet 

Fig. 15. Miscellaneous Tools for Steel Erection. 


given in Fig. 7 to Fig. 14. An improved ‘*oId man** as used by Terry and Tench is shown in Fig. 
* 5 * ^ rolling shear, and a steamboat jack and a steamboat ratchet arc also shown 

in Fig. 15, The special tools used by the Chicago Bridge and Iron Company for the erection of 
elevated tanks are given in Fig. 16 and Fig. 17. 

LIST OP TOOLS. —The tools required for any job will depend upon the size of the work, 
the number of men employed, and upon local conditions. A complete list of the tools that are 
commonly u^d by structural steel erectors is given in Table IX 

Actual lists of the tools used for the erection of a steel railway bridge, a steel highway bridge, 
and a steel mill building are given in Tabic X, Table XI. and Table XII, respectively. 
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Heel Dolly, Wt-26lbs- 



Spam Dolly, IVt-bSIbs- 



Chain to carry 
Combination Dolly- 



Cotter & Hook 


eorSprino Dolly- 


Fig. i6. Tools for Erection of Elevated Tanks. Chicago Bridge & Iron Company. 


38 
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Si" 


L 

K M 

Backing Out Punch, Wt- 3 tbs- 
L 


- i ;. 


• fi-Q 





M 

A--L ^ 

j 


jrj 

/6 


fi" 
!6 \ 


r~i. - ~ 

‘Y ts‘f Drift Pins 

L H 



Diam- 

Dimensions in Inches 

Hand Chisel, Wt-li lbs- 


Rivet 

L 

A 

B 

C 



7 " 

A 

6i 


J 

9 

16 

I a 


i 

7i 

1 

z 

8 

7 
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K w figncf f^uHer IS sdme 

§ 

S 

16 

% 

/ 

? 

3 

4 

B 

16 

CTj" asHdnd Cdiking Tool 

S, 

7 

-JL-i 

h 

/€-, 


5^" 

^4 


^ ^ but point is rounded • 

Hand Calking Tool ^ 

Wt-/$/bs. ^ 

yr^orf Rivet, r for 


3 0 
/6) 



/6) 


Rivet Snaps 


/i f 

— 77"=^ i 
5i" \.n' 


rlH' Tor f Rivet, ifTorf- 
dy' Tor j" Rivet, i^yori'' 

►-4— 

-=^\- f;Porr/^ivet, fPari" 
-=Cv s J "Rivet, ^ "Tor j " 


- -f ^r 


/ 

v ; 

- jr 


CD -*-' 


r '•X 

'V 

L-.i 


Cross Eyed Fuller 

Wt-Elbs- 


, H - 


X'f 

i-- 


" TT " 





Rivet Buster, Wt- 3 its- Rivet Hammer, Wt-3ifbs- Hand Chisel, Wt-2lbs- 
Fig. 17. Tools for Erection of Elevated Tanks. Chicago Bridge & Iron Company. 
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TABLE IX. 

List of Erection Tools for Structural Steel. 
American Bridge Company. 


Name. 


Adzes. 

Air Chippers. 

Air Compressors 
Air Drills. 

Air Pumps. 

Air Reamers. 

Air Receivers. 

Anchors. 

Angle Bars for R. R. Rails. 

Anvils. 

Auger Bits. 

Augers (ship) in. to i-^ in. 

Axes. 

Axes (Hand). 

Backing Out Punches. 

Balance Beams. 

Bars, Chisel. 

Bars, Claw. 

Bars, Connecting. 

Bars, Crow. 

Bars, Pinch. 

Bellows. 

Bits for Braces. 

Blacksmith Blowers. 

Blacksmith Hand Tools. 

Blocks (8, 10, 12, 14, 16, 18) in. Single. 

Blocks (8, 10, 12, 14, 16, 18) in. Double. 

Blocks (14, 16, 18, 20) in., 3 Sheave. 

Blocks, 4 Sheave. 

Blocks (8, 10, 12, 14, 16, 18, 20) in. (Snatch) 
Gate. 

Blocks (i, 2, 3, 4, 6) Sheave, Wire Rope. 

Boats (give kind). 

Boilers (only). 

Boring Machines. 

Braces (Carpenter). 

Branding Irons. 

Brushes (Paint). 

Brushes (Wire). 

Buckets. 

Car Axles. 

Cars, Camp. 

Cars, Derrick. 

Cars, Flat. 

Cars, Lever. 

Cars, Push. 

Cars, Tool. 

Car Wheels. 

Center Punches. 

Chains, (i, J, J, |) in. Hook & Ring, — ft. long. 
Chains, 1 in. Hook & Ring, — ft. long. 

Chains, J, L i in., two rings, — ft. long. 
Chisels, Cope. 

Chisels, Framing. 

Clevises. 

Cold Chisels. 

Currugated Iron Cutters. 

Corrugated Iron Dolly Bars. 

“ “ Hammers. 

“ “ Punches. 


Name. 


Corrugated Iron Rivet Sets. 

“ “ Shears. 

Crabs, Single Gear Iron Frame A — Flat. 
Crabs, Double Gear Iron Frame A — Flat. 
Crabs, Single Gear Wooden FVame A — Flat. 
Crabs, Double Gear Wooden Frame A — Flat. 
Cutters, Handle. 

Derricks. 

Derrick Balls Overhauling. 

“ Booms (Steel). 

“ Booms (Wood). 

“ Boom Bands, 2 Links, 

“ “ Foot Blocks. 

“ & Mast Angles. 

“ “ Bearing Plates. 

“ “ Pins. 

“ “ Plates. 

“ Foot Blocks. 

“ Goose Necks. 

“ Gudgeon Pins. 

Masts (Steel). 

“ Masts (Wood). 

** Mast Band. 

** Mast Band, one link. 

“ Mast Seat. 

Round Spiders. 

“ Long Spiders, Two Guys. 

“ “ One Guy. 

Diamond Points. 

Dolly Bars, Bent. 

“ Club. 

“ “ Goose Necks. 

“ “ Heel. 

‘‘ Spring. 

“ “ ^ Straight. 

Drawing Knife. 

Drilling Machine (Portable). 

Drift Pins (^, H» ii) in. diameter. 
Drills, Flat. 

Drills (Stone). 

Drills (Twist). 

Engine and Boiler. 

Eye Bolts. 

Files. 

Forges (not rivet). 

Gauges (Track). 

Gin poles (Wood) Gas Pipe, Shoes. 

Grind Stone. 

Guy Clamps. 

Guy Rods. 

Guy Wire. 

Hammers (Chipping). 

Hand Gouges. 

Handle Gouges. 

Handles — Hammer, Maul, Axe, Adze, Pick. 
Hatchets. 

Hook for I Beams — Large, Medium, Small. 
Hooks, Cant. 

Hooks for Eye-Bars. 

Hooks, Girder. 
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Table IX. — Continued, 


Name. 

Name. 

Hooks for Heavy Chord. 

Reamers— li, H, H, lA in. 

Hooks for holding on. 

Reamer Handles. 

Hooks, Scaffold. 

Rivet Busters. 

“ Stringer. 

“ Clamps. 

“ Timber. 

“ Clamp Hooks. 

Horse Powers. 

“ Forges. 

Hose, Air Drill. 

“ Gouges. 

“ Rubber. 

“ Hammers. 

“ Steam. 

Sets for — i, |, J, i, in. Rivets (Hand). 

“ Bands. 

“ Sets for — 5, 1 , i, L in. Rivets (Pneu- 

“ Couplings. 

matic). 

Jacks, Hydr. — Capacity. 

Set Cuppers. 

“ Norton. 

Set Gouges, Standard. 

“ Rail, Double. 

Set Rivet Tongs. 

“ Rail, Single. 

Set Trimmers. 

“ Steamboat. 

Spikes. 

“ Steamboat Pull. 

Rollers. 

“ Steamboat Pushing. 

Roofing Sets. 

“ Screw. 

Rope, Manila — L iL 2 in. 

“ Track. 

Rope Lashing, Manila. 

Kettles, Iron. 

Rope Slings, Alanila. 

Ladles. 

Rope, Wire Hoisting. 

Lag Screws. 

Saws, Crosscut. 

Ladders. 

Saws, Hand. 

Lanterns. 

Saw Frames, Hack. 

Levels (Spirit). 

Saws, One Man. 

Locks. ^ 

Saw Sets (Crosscut). 

Marking Pot. 

Screw Drivers. 

Mattocks. 

Shackles. 

Mauls, Spike. 

Sheaves, — in. dia. 

Mauls, Steel (8, 9, 12, 16, 18', 20) lb. 

Shovels. 

Nails. 

Squares (Carpenter). 

Oars. 

Stock and Dies. 

Oar Locks. 

Stoves. 

Oil Cans. 

Sulphur Pot. 

Old Man. 

Tape Lines. 

Picks. 

Tarpaulins. 

Pike Poles. 

Timber Buggies. 

Pile Hammers. 

Tool Boxes. 

“ Driver Leads. 

“ Steel, Octagon. 

“ Rings. 

“ Steel, Round. 

“ Ring Hooks. 

“ Steel, Square. 

Pins, Cotter. 

Traveler Corner Irons. 

Pipe Cutters. 

“ Plates. 

Pipe, Iron. 

“ Rods. 

Pipe Tongs. 

“ Wheels, Standard. 

Planes. 

Traveler Wheels. 

Plumb Bobs. 

“ Wheel Boxes. 

Pneumatic Bucker-up. 

Travelers (Wood). 

Pneumatic Hammer. 

Travelers (Steel). 

Pump, Boat, Galvanized Iron. 

Turnbuckle Rods. 

Pump, Centrifugal. 

Tuyere Irons. 

“ Force. 

Valves. 

“ Steam. 

Vises. 

Punch, Hydraulic. 

Wagons. 

Punch, Screw. 

Wrenches, Chain. 

Purchase Rings. 

Wrenches, Fork — i, |, A* J* in. 

Rails (Steel). 

Wrenches, Key — large, medium, small. 

Rail Splice Plates. 

Wrenches, Monkey. 

Rail Buggies. 

Wrenches, S. 

Rams. 

Wrenches, Stillson. 

Ratchets. 

Wedges. 
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TABLE X. 

List of Tools for Erection of Steel Railroad Bridge Consisting of Several 75-FT. Plate 
Girders, a i8o-ft. Through Span, and an 8o-ft. Vertical Lift Span, Inter- 
national Falls, Minnesota. Minneapolis Steel & Machinery Co. 


<3uantity. 

Name and Size of Tool. 

Quantity. 

Name and Size of Tool. 

3 

Augers, Ship, in. 

3 

Forges, Complete. 

2 

Adz. 

3 

Files. 

I 

Axe, Hand. 

2 

Gouges, Hand. 

2 

Anvils. 

3 

Gouges, Handle. 

3 

Bars, Crow. 

3 

Hack Saws and Blades. 

I 

Bars, Claw. 

I 

Hammer, 7 lb. 

2 

Bits, H in. 

I 

Hammer, Claw. 

i 

Box, Tool. 

2 

Hammers, Blacksmith, 5 lb. 

2 

Braces. 

16 

Handles. 

I 

Brushes, Wire. 

7 

Hooks, Scaffold. 

7 

Brushes, Paint. 

I 

Hose, Air, 4 in., 700 ft. 


Block, Steel, Snatch, lO in. 

9 

Hose, Water, I in. X 50 ft. 

3 

Block, Steel, Snatch, 12 in. 

4 

Jack, Screw, 2^2 in. X 16 in. 

3 

Block, Steel, Snatch, Wire Rope, 12 in. 

I 

Jack, Track. 


Block, Steel, Single, Wire Rope, 12 in. 

2 

Jack, Stone. 

2 

Block, Steel, Single, Wire Rope, 14 in. 

I 

Jack, Hydraulic, 15 ton. 

2 

Block, Steel, 4 Part, Wire Rope, 16 in. 

2 

Lanterns. 

4 

Block, Steel, Double, Wire Rope, 18 in. 

I 

Level. 

4 

Block, Steel, Double, Wire Rope, 12 in. 

I 

Man, Old. 

2 

Block, Steel, Triple, Wire Rope, 12 in. 

4 

Punches, Backing Out. 

4 

Block, Wood, Snatch, 10 in. 

3 

Punches, Screw (Frame). 

2 

Block, Wood, Snatch, 12 in. 

I 

Pipe Vise. 

i 

Block, Wood, Single, Tackle, 8 in. 

I 

Pick. 

I 

Block, Wood, Single, Tackle, 10 in. 

I 2 

Drift Pins, | in. 

I 

Block, Wood, Single, 'Packle, 12 in. 

10 

Drift Pins, 4 in. 

6 

Block, Wood, Double, Tackle, 8 in. 

4 

Drift Pins, | in. 

4 

Block, Wood, Double, Tackle, 10 in. 


Pail, Water. 

2 

Block, Wood, Double, Tackle, 12 in. 

2 

Ratchets. 

I 

Block, Wood, Triple, Tackle, 12 in. 

I 

Receiver, Air, 30 in. X 60 in. 

3 

Block, Wood, Triple, Tackle, 14 in. 

1,400 ft. 

Rope, Manila, i in., 7 pieces. 

I 

Block, Chain, 5 Ton. 

1,300 ft. 

Rope, Manila, in., 5 pieces. 

1,200 ft. 

Cable, Wire, ^ in. 

420 ft. 

Rope, Manila, 2 in., i piece. 

300 ft. 

Cable, Wire, | in. 

640 ft. 

Rope, Manila, 2 in., i piece. 

100 ft. 

Cable, Wire, J in., galvanized. 

275 ft. 

Rope, Manila, 2 in., i piece. 

2 

Chains, H in., 23 ft. long. 

565 ft. 

Rope, Manila, i in., 2 pieces. 

I 

Chains, } in., 14 ft. long. 

4 

Rope, Manila, Lashings. ■ 

2 

Chains, | in., 12 ft. long. 


Stock and Dies, Blacksmith. 

2 

Chains, i in , 12 ft. long. 

I 

Stock and Dies, Pipe. 

12 

Clamps, Cable, h in. 

6 

Snaps, Rivet, | in. 

10 

Clamps, Cable, | in. 

6 

Snaps, Rivet, f in. 

8 

Clamps, Cable, | in. 

4 

Snaps, Rivet, J in. 

4 

Clamps, Rivet. 

3 

Saws, Cross Cut. 

2 

Chisels, Round Nose. 

2 

Saws, Hand. 

I 

Chisels, Cold. * 

I 

Shovels, No. 2. 

s 

Cutters. 

4 

Shovels, Snow. 

3 

Cant Hooks. 

I 

Square. 

I 

Compressor, Air. 

13 

Shackles 

I 

Derrick, 12 ton. 

2 

Trucks, Dolly. 

I 

Dolly, Timber. 

3 

Tongs, Blacksmith. 

I 

Dolly, Goose Neck. 

4 

Tongs, Heater 

I 

Dolly, Straight. 

7 

Wrenches, Bridge } in. 

3 

Dolly, Spring. 

6 

Wrenches, Bridge } in. 

1 

Dolly, Wedge. 

2 

Wrenches, Monkey 

I 

Dolly, Heel. 

I 

Heavy Traveler, 12 ton . 

s 

Drills, Twist, H in. 

4 

Rollers, 10 m. and 12 in. 

6 

Drills, Twist, in. 

S 

Pneumatic riveting guns. 

6 

Drills, Twist, ti 

2 

28 in TurnbucRles. 

I 

Drills, 1} in. X 4 ft. 

2 

Stoves. 

2 

Engine, Hoisting. 

»7 

f in. X 8 in. Step bolts. 
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TABLE XL 

List of Tools for the Erection of 8o-ft. Span Highway Bridge. 
Minneapolis Steel & Machinery Co. 


Quan* 

tity. 

Name and Size of Tool. 

Quan- 

tity 

Name and Size of Tool. 

2 

Axes. 

I 

Man, Old. 

2 

Axes, Hand. 

4 

Punches, Backing out. 

3 

Bits, i in., } in., } in. 

I 

Pick. 

1 

Buster. 

I 

Pump. 

I 

Box, Tool. 

4 

Pins, Drift, f in. 

I 

Brace. 

6 

Pins, Drift, | in. 

I 

Brush, Paint. 

2 

Pails, Water. 

2 

Blocks, 10 in. 

2 

Pile Driver Leads. 

I 

Block, Single Tackle, 8 in. 

I 

Pile Driver Hammer. 

l 

Block, Single Tackle, 10 in. 

I 

Pile Driver Head Block. 

4 • 

Blocks, Double Tackle, 8 in. 

I 

Pile Driver Nipper 

I 

Chain, | in., 8 ft. long. 

I 

Ratchet. 

1 

Chain, i in., 7 ft. long. 

124 ft 

Rope, Manila, in. 

i 

Clamp, Rivet. 

675 ft. 

Rope, Manila, i in., 5 pieces. 

I 

Chisel, Hand. 

2 

Lashings, 15 ft. 

I 

Dolly, Timber. 

1 

Stock and Dies, Blacksmith. 

4 

Drills, Twist, H 

I 

Saw, Crosscut. 

2 

Files. 

I 

Saw, Hand. 

2 

Gouges, Handle. 

5 

Shovels, Short Handle 

I 

Hacksaw and Blades. 

I 

Shovels, Long Handle 

3 

Hammers, 7 lb. 

I 

Square. 

3 

Hammers, Claw. 

I 

Wrench, Bridge, } in. 

1 

Hammer, Machine. 

6 

Wrench, Bridge, | in. 

3 

Handles, 30 in. 

2 

Wrench, Bridge, i in. 


Jack Screw, 12 in. 

I 

Wrench, Stillson, 10 in 

I 

Level. 

I 

Wrench, Monkey, 12 in. 



4 

Wheel Barrows. 


ERECTION OF TRUSS BRIDGES. — Truss bridge spans are usually erected on falsework. 
The truss may be erected by means of a traveler or a derrick traveler or a derrick car. The usual 
procedure where a traveler is used will be briefly described. After the falsework and traveler are 
ready, lay out the center lines of the trusses on the falsework and locate the pxDsitions of the panel 
points. At each panel point place the necessary blocking for camber. Then beginning at the 
^ed end place the pedestals in position and place the lower chords and the floorbeams and stringers 
in position and distribute the pins. If the floorbeams and stringers will be in the way they are 
not placed until they arc needed. The traveler is run to the center of the bridge and the center 
panel on each side is erected. The upper chord section is hoisted and held a little above its final 
position; the posts are raised, the diagonals are put in place and the pins arc driven, or with a 
riveted truss the joints are field bolted in about 50 per cent of the holes. The panel on the oppo- 
site side is then erected and the top lateral struts and bracing are put in place, the floorlxiams and 
stringers are connected up and the lower laterals are put in place, so that the center tower is fully 
braced Great care must be used in erecting the middle tower to see that it is in exactly the 
proper place. After the center panel is complete, the traveler is moved toward the fixed end, 
erecting the trusses one panel at a time. The traveler is then run back to the center and the 
roller end of the trusses are erected. After the span is all connected up and all connections are 
properly bolted up, the blocking is knocked out and the bridge is swung clear. The details of 
erection vary with the type of truss and local conditions and the above description is intended to 
merely give an idea of the procedure. Truss bridges may also be erected by starting the 
traveler at the fixed end. 

Where a derrick car or a derrick traveler is used the erection is commonly started at the 
fixed end. 
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TABLE XII. 

f-iST OF Erection Tools for the Erection of a Steel Mill Building 6o ft. by 150 ft. with 
Corrugated Steel Covering; 43 Tons Steel, 7 TotNs Corrugated Steel. 
Minneapolis Steel & Machinery Co. 


Quantity. 

Name and Size of Tool. 

Quantity. 

Name and Size of Tool. 

I 

Axe, Hand. 

I 

Forge, Complete. 

4 

Bars, Crow. 

I 

Gin Pole. 

4 

Bars, Connecting. 

4 

Gouges, Handle. 

I 

Box, Tool. 

I 

Hack Saw and Blades. 

2 

Braces. 

I 

Hammer, Claw. 

4 

Brushes, Paint. 

I 

Hammer, Machine. 

I 

Block, Steel, Single, Wire Rope, 

10 in. 

6 

I 

Handles, 30 in. 

Man, Old. 

I 

Block, Steel, Double, Wire Rope, 
io in. 

2 

6 

Punches, Backing out. 

Punches, Corrugated. 

I 

Block, Wood Snatch, 10 in. 

20 

Pins, Drift, | in. 

10 

Block, Wood, Single Tackle, 8 in. 

IO 

Pins, Drift, J in. 

8 

Block, Wood, Double Tackle, 8 in. 

1 

Ratchet. 

700 ft. 

Cable, i in., 3 pieces. 

1,100 ft. 

Rope, Manila, J in., 8 pieces. 

I 

Chain, 5 in., 3 ft. long. 

Chain, i in., 8 ft. long. 

4 

Rope, Manila, Lashings. 

I 


Stock and Dies, Blacksmith. 

I 

Chain, i in., 9 ft. long. 

Clamps, Cable, 1 in. 

3 

Snaps, Rivet, | in. 

23 

I 

Saw, Hand. 

7 

Clamps, Cable, § in. 

I 

Square. 

2 

Clamps, Rivet. 

Chisels. 

4 

Shackles. 

6 

2 

Snips, Corrugated. 

3 

Cutters. 

I 

Tongs, Blacksmith. 

I 

Crab, Small, 

2 

Tongs, Heater. 

I 

Dolly, Timber. 

I 

Tongs, Pick-up. 

I 

Dolly, Goose Neck, f in. 

I 

Vise, Machinist. 

I 

Dolly, Straight, ^ in. 

IS 

Wrenches, Bridge, J in. 

I 

Dolly, Spring, | in. 

20 

Wrenches, Bridge, | in. 

3 

Dolly, Corrupted Steel. 

8 

Wrenches, Bridge, } in. 


Dolly, Jam, | in. 

I 

Wrenches, Bridge, | in. 

1 

Drills, Twist, in. 

2 

Wrenches, Monkey. 


In erecting the Municipal Bridge over the Mississippi River at St. Louis, sand boxes were 
used for camber bUx:king in the place of the usual timber camber blocking. 

The threads of pins should be protected by pilot nuts and pilot points when driving. Details 
of standard pilot nuts arc given in Table 99, Part II, and of standard pilotpoints in Table 100, 
Part II. 

RIVETING. — Field rivets may be driven by hand or with pneumatic riveters. Before 
driving the rivets the parts to be riveted must be drawn up by means of erection bolts so that the 
holes are fully matched and the surfaces of the metal are so close together that the metal from the 
rivet will not flow out between the plates. The holes are brought in line and matched by the use 
of drift pins, Fig. 7 and Fig. 17; care should be used not to injure the metal with the drift pin. 
If the holes will not match they should be reamed. A gang for hand riveting consists of four 
men, (i) a rivet heater, (2) a bucker-up, (3) a rivet driver, and (4) a man to catch and enter the 
rivets, to assist in driving and to hold the rivet set (snap). The hot rivet is thrown by the rivet 
heater with rivet-pitching tongs. Fig. ii; the rivet is caught in a bucket or keg and is put into the 
rivet hole with the rivet-sticking tongs. Fig. ii. The rivet is then bucked-up with a dolly. Fig. 9 
or Fig. 10, and is upset with a rivet hammer, Fig. 7. After the rivet is upset to fill the hole a rivet 
set (snap). Fig. 7, is held over the upset rivet and a few blows with the riveting hammer completes 
the work. Field rivets are ordered with enough stock to furnish metal to fill the hole and to 
form a perfect rivet head. If the rivet is too short, either the hole will not be filled or the rivet 
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head will be imperfect. If the rivet is too long the rivet set (snap) will force the metal out under 
the edge of the rivet set (snap) making a bad looking job. The rivet should be heated uniformly 
80 that it will be upset for its entire length. Riveters prefer to use rivets with scant stock so that 



Gin Pole, S Tons Snea/? Leos Guy De/^rick 



""A” Derrick, 3 Tons Stiff Leg Derrick^ 12 Tons 



Elevation Section A- A Elevation Section A^A 

Viaduct Traveler, Revolving Masts Doom Traveler with Fixed Masts 

1^ Tons 12 tons 

Fig. 1 8. Derricks and Travelers. 

the rivet can be upset and a perfect head formed with little labor. To drive a rivet properly the 
rivet should be upset by striking it squarely on the end, as side blows will upset the rivet without 
filling the hole. 
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Where compressed air is available a pneumatic field riveter is used for driving rivets. Pneu- 
latic field riveters are of two types; (a) jaw riveters that buck-up the rivet and form the head as 
1 shop riveters; and (6) a pneumatic gun that is held against the rivet by the riveter, the rivet 
►eing bucked-up with a dolly as in hand riveting or with a pneumatic dolly. The pneumatic gun 




is more convenient and is commonly used. A rivet snap is used in the air gun. Good rivets can 
be driven by hand, but the work of the pneumatic riveter is more uniform and most specifications 
for erection of structural steel call for its use. Several railroad bridge specifications now 
require that hand driven field rivets be calculated for only four-fifths of the allowable stresses on 
machine driven field rivets. While more rivets can be driven with an air gun than by hand, the 
added expense for air makes the cost of driving nearly the same as for hand driven rivets. 
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Dollys for bucldng-up rivets are made in many forms to suit the different conditions. 
Straight, goose-neck, bent, heel and club dollys are shown in Fig. 9, a ring dolly is shown in Fig. 
10, and a corrugated iron dolly in Fig. ii. Dollys for use in erecting elevated tanks are shown 
in Fig. 16, and include the bar dolly, the heel dolly, the combination dolly, and the spring dolly. 

DERRICKS AND TRAVELERS. — Derricks and travelers are made in many different forms. 
A few of the more common forms will be described. 



5TEEL Derrick Car 

Fig. 20. Details of a Viadctct Traveler and a Steel Derrick Car. 

Gin Pole. — A gin pole, Fig. 18, is a timber or steel mast with four guys and a block at the 
top through which the hoist line leads to a crab bolted near the bottom, or the hoist line may 
run to the hoisting engine. The foot of a gin pole is supported by timbers which are shifted with 
bars or on rollers. The gin pole should not be inclined more than a few degrees from the vertical, 
and care must be used to prevent the bottom from kicking out with heavy loads. Gin poles 
may be made of timber, gas pipe, or may be built structural steel masts. Gin poles are not 
commonly made longer than 40 to 60 ft., but a trussed gin pole 120 ft. long has been used for 
erecting elevated towers. The mast of a gin pole may be built up so that only two guys are 
necessary, resulting in ** shear legs *’ as in Fig. 18. 

Each guy is fastened at its lower end to a “deadman*’ (a timber, or log, or beam buried in 
the ground). 
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Guy Derricks. — guy derrick, Fig. i8 and Fig. 19, has a vertical mast guyed with three or 
more guy lines, and has a boom which carries blocks and a fall line on the upper end. The boom 
is raised and lowered with rigging called “topping lines’* or “boom lines.” The load is raised 
by rigging called “fall lines” or “falls.” The hoisting line may be run down the boom to a crab 
or to the hoisting engine, or the hoisting line may be run through a “rooster” placed on top of the 
mast and then to the hoisting engine. Guy derricks may be swung in a full circle, either by hand 
or by means of a bull wheel operated by a line from the hoisting engine. 

“A” Derrick. — The “A” derrick or “Jinniwink” derrick is shown in Fig. 18. “A” derricks 

are used for light hoisting up to three to five tons. The “A” derrick is a simple form of the stiff- 
leg derrick. 

Stiff-Leg Derrick. — The stiff-leg derrick has a mast braced by “A” frames set at right angles 
to each other, Fig. 18 and Fig. 19. The loads may be lifted and the boom raised and lowered 
by means of a crab or by a hoisting engine. The stiff-leg derrick has a free swing of about 240 
degrees. The mast may be turned by hand or by means of a bull wheel operated by a line from the 
hoisting engine. Details of a 12-ton timber stiff-leg derrick are shown in Fig. 21. Stiff-leg 
derricks of large capacity are now commonly made of structural steel. Details of a steel stiff-leg 
derrick are given in Fig. 29. 



Fig. 22. Details of a Gallows Frame. American Bridge Company. 

Boom Travelers. — The mast of a derrick may be supported by the framework of a traveler, 
Fig. 18. The traveler may be made one or several stories in height. The booms may swing or 
may be fixed to raise and lower in one plane, and may be used single or in pairs. Boom travelers 
are commonly used in erecting train sheds, and structural steel buildings. Details of a steel boom 
traveler are given in Fig. 28 and Fig. 29. 

Viaduct Travelers. — An overhang traveler for erecting a high steel viaduct is shown in Fig. 20. 

Gallows Frame. — A gallows frame or a transverse bent as shown in Fig. 22, is used for erecting 
plate or riveted girders. The gallows frame is guyed fore and aft with steel cables. Gallows 
frames are commonly used in pairs or a gallows frame is used with a stiff-leg derrick. 

Through or Gantry Travelers. — A through or gantry traveler consists of two or three trans- 
verse bents or “gallows frames’' braced longitudinally and is carried on a track supported on the 
falsework and placed outside of the trusses. The traveler has a clearance such that it can be 
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TABLE XIIL 

Bill of Timber in Traveler, Fig. 24. 


No. 

Cross Sec- 
tion, In. 

Length, 

Ft-In. 


No. 

Cross Sec- 
tion, In. 

Length, 

Ft-ln. 


5 

10 X 12 

28-0 

Hoisting beams. 

4 

4 X 8 

18-0 

Platform cut to 9 ft. 

4 

12 X 12 

38-0 

Longitudinal. 

4 

6X12 

38-0 

Sills. 

2 

8 X 16 

44-0 

Caps. 

2 

8X12 

32-0 

Sheave beams. 

2 

8 X 8 

24-0 

Chord. 

ID 

4 X 8 

36-0 

Longitudinals. 

4 

8 X 10 

30-0 

Legs. 

4 

6X 8 

36-0 

Platform. 

4 

8 X 10 

24-0 

Legs. 

10 

3 X 8 

36-0 

Platform plank. 

4 

6X 8 

32-0 

Legs batter. 

I 

6 X 10 

20-0 

Blocks cut to 2 ft. 

4 

6X8 

22-0 

Legs. 

4 

6 X 10 

28-0 

Side braces. 

8 

4 X 8 

26-0 

Web braces. 

4 

6 X 10 

30-0 

Side 'braces. 

4 

3 X 8 

16-0 

Web braces. 

2 

4X6 

16-0 

Fillers cut to 8 ft. 

4 

3 X 8 

14-0 

Web braces. 

2 

4X6 

14-0 

Fillers. 

4 

3 X 8 

12-0 

Web braces. 

I 

3 X 8 

12-0 

Leg brace. 

1 

3 X 8 

20-0 

Web braces cut to 10 ft. 

2 

6X12 

1 6-0 

Fillers cut to 2 ft. 

2 

3 X 8 

18-0 

Leg braces cut to 9 ft. 

2 

8 X 10 

16-0 

Trucks cut to 8 in. X 9 in. 

2 

3 X 8 

20-0 

Leg braces cut to 10 ft. 




X 4^t. 

2 

3 X 8 

12-0 

Leg braces cut to 6 ft. 

I 

1X6 

16-0 

Fillers. 

4 

3X8 

18-0 

Leg braces platform. 

4 

3 X 8 

20-0 

Chord cut to 10 ft. 

8 

3 X 10 

12-0 

Leg splices cut to 6 ft. 


3 X 8 

22-0 

Leg brace cut to ii ft. 

8 

3 X 8 

12-0 

Leg splices cut to 6 ft. 

I 

3X8 

18-0 

Leg brace cut to 4 ft. 6 in. 

8 

3 X 6 

12-0 

Leg splices cut to 6 ft. 

4 

2X4 

38-0 

Sliding beam. 


TABLE XIV. TABLE XV. 

Bill of Bolts in Traveler, Fig. 24. Bill of Irons in Traveler, Fig. 24. 


No. 

Diameter, In. 

Length, Ft-ln. 

No. 

Name. 

Dimensions. 

20 

i 

I -10 

10 

Sheave Chocks. . . . 

lOf in. Block Sheave. 

135 

i 


I- 8 

4 

Bent Bars 

3 in. X 2 in. X 2 ft. 9 in. 

100 



I- 6 

4 

Bent Bars 

3 in. X 1 in. X 3 ft. S in. 

160 



I- 4 

2 

Bent Bars 

3 in. X ' in. X 2 ft. 0 in. 

ISO 



I- 2 

2 

I 5 cnt liars 

3 in. X i in. X 2 ft. 0 in. 

100 

j 


I- 0 

16 

Scabs 

3 in. X I in. X I ft. 10 in. 

20 



o-io 

8 

Rods 

in. diameter X 9 ft. 2 in 

10 

i 


0 - 8 

4 

Traveler Wheels. . . 

14 in. diameter, 3 in. shaft. 

10 



2- 0 

8 1 

Wheel Boxes 


10 

u 


I- 4 

2 

Rods 

1 1 in. diameter X 6 ft. 6 in. 




2 

Rods 

li in. diameter X 3 ft. 6 in. 


run past the completed bridge or structure. Travelers may be made of timber or structural steel. 
Outline plans for four standard timber travelers designed by the American Bridge Company are 
given in Fig. 23, while the detail plans for traveler No. i are given in Fig. 24. The bill of lumber 
for traveler No. i is given in Table XIII; the bill of bolts is given in Table XIV, and the bill of 
irons in Table XV. Traveler No. i may be used for single track railway spans up to 250 ft.; 
traveler No. 3 for single track spans up to 175 ft.; traveler No. 2 for double track spans up to 
175 ft.; and traveler No. 4 for double track spans up to 250 ft. 

Derrick Cars. — Derrick cars with a capacity up to 75 tons are in common use. The derrick 
cars are usually self-contained and can move under their own power. The boom can be folded 
back over the car out of the way when not in use. A sketch of a derrick car is shown in Fig. 20. 

FALSEWORK. — Falsework for the erection of bridges is built up of bents made of three or 
more posts or piles, braced transversely in the same manner as for ix?rmancnt trestles. Framed 
bents are carried on mudsills, or on piles where the foundation is inadequate or where the false- 
work is in flowing water. Where piles can not be driven in running water or where there is danger 
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Fig. 24. Through Bridge Traveler. American Bridge Company. 
(Traveler No. i in Fig. 23.) 
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of flood, it may be necessary to use spread footings which are anchored in place. Where it is 
practicable to obtain piles of sufficient length they may be used for the full height of the falsework. 
The timber used in building falsework should be sound, strong, free from defects that will affect 
Its strength or interfere with its use. Since the structure is temporary, durability is not an 
important element in selecting timber for falsework unless it is to be used several times. 

For examples of timber trestles, see Chapter VI 1 . 

Plans of typical four-legged falsework as used by the American Bridge Company arc shown 
in Fig. 25. When trains are to be carried and 2-8 in. X 16 in. stringers are used under each rail, 
bents must not be spaced over 18 ft. centers for the falsework as shown. 



F.d-O^to^Tiavelcr -Constant 

\Var itoC Trusses ViSriabie 

r-r vr- ,• V 7 ; -rr -r ^ 



^Dotted tines denote sit! to be us ed when necessary 


The average maximum length oF teg not toexcced^O 'O" 
8 kl6 stringers are to be ordered either d6 0or3i'0 
to suit conditions. 

This type of false work is designed for heavy single 
track spans when trams are not carried and for 
single track spans up to 250 'when trains are carried. 


TrpicnL fouR-Lmro foLSEWORK 
Rmericun Bmper Comfuny 
Of Hew York 


Fig. 25. 

Piles. — ^Timber piles may be driven with a drop hammer, Fig. 26, or with a steam hammer. 
A spool roller pile driver with a drop hammer is shown in Fig. 26. The hammer is raised to the 
top of the leads by the hoisting engine; the hammer is then permitted to fall on the top of the 
pile, dragging the hoisting rope down with it. The force of the blow of the hammer depends 
upon the weight of the hammer, the height of free fall, and the re-sistance of the hammer in the 
leads. By catching the hammer as it descends the operator can cushion the blow so that the safe 
bearing power of a pile as calculated from the penetration may be very misleading. 

Details of a pile driver are given in Fig. 37. 
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The safe load on piles may be calculated by the Engineering News formula 

5 -f I 

where P = safe load on the pile in tons; 

W = weight of hammer in tons; 
h = height of free fall of hammer in ft.; 

5 = average penetration of the pile for last six blows. 
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A/ //I 


J 
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K 

j 
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. 


'Roller w -HP.M ^ Center Bear 

ORmARY Track Pile Driver 
Fig. 26. Types of Pile Drivers. 
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Fig. 27. Details of Standard Pile Driver. 
American Bridge Company. 
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STEEL BCM3M TRAVELER. 



Fig. 28. Traveler used in Erection of Armory, University of Illinois. 



Fig. 29. ^Stiff-Leg Derrick used on Erection Traveler for Erection of Armory» 
University of Illinois. (Two of these derricks were used on front of traveler.} 
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Piles should have a penetration of not less than lo ft. in Iiard material and not less than 20 ft. 
in soft material. For a steam hammer unity in the denominator in (i) should be replaced by 

The following specification is commonly used for piles for heavy falsework. 

All piles are to be spruce, yellow pine or oak, not less than 9 in. in diameter at the point and 
not more than 14 in. in diameter at the butt. Piles are to be straight and sound, and free from 
defects affecting their strength or durability. Piles arc to be driven into hard bottom until they 
do not move more than i in. under the blow of a hammer weighing 2,000 lb. and falling 25 ft. 

For specifications for falsework piles, see Chapter VII. 

A track pile driver is shown in Fig. 26. 

Design of Falsework. — Falsework should be designed to carry the necessary loads. Where 
the falsework is required to carry traffic it should be designed for the same allowable stresses as 
are permitted for timlK^r trestles and bridges, Table V, Chapter VII. Where the falsework does 
not carry traffic the allowable stresses may be fifty per cent in excess of those permitted for perma- 
nent structures. Care should be used in the design to prevent crushing of timber across the 
grain. For details of timber trestles see Chapter VII. 

Traveler for Erection of Armory.* — The new armory for the University of Illinois is 276 ft. 
by 420 ft. in plan, the main drill hall being covered by three-hinged arches with a span 206 ft. 
centers of end pins, a center height of 94 ft. 3 in., and are spaced 26 ft. 6 in. The arches have a 
horizontal tie of two 4 in. X 1 in. bars, and arc braced together in pairs. 

Each arch was shipped in eight segments, and the four sections for each half of the arch 
were assembled and riveted iq) in horizontal position on the ground close to their final positions. 
One side of the arch was then lifted into a vertical plane by a two-boom traveler, and its lower 
end was fitted into the shoe and the shoe pin driven. The truss was then lowered on this pin 
until its head rested on the ground, the arch segment being supported by guys at the sides. The 
opposite segment of the arch was then raised and adjusted in the same way. The traveler was 
then placed at the center of the arch, and the hoisting lines of the two booms were attached near 
the ends of the two half-arches, which were then raised, the lower ends rotating on the shoe pins. 
The arch was then held while the center pin was driven and the purlins were placed connecting it 
to the adjacent arch. 

The traveler, Fig. 28, consisted of a steel tower about 40 ft. square and 33 ft. high to the 
working deck. On this deck were two 40-ft. masts with A-frames, each carrying a 90-ft. boom, so 
that the top of the boom could reach about 20 ft. above the top of the arches, the maximum 
height from the ground to the hoisting block being 125 ft. 

The traveler was supported on wood rollers on tracks of 16 X 16 in. timbers about 40 ft. 
apart. The upper part of the traveler was composed of two stiff-leg derricks of the type shown 
in Fig. 29, with one stiff-leg and one sill removed from each, the masts being stepped on the 
traveler frame and connected by bracing as shown. Each derrick had a lifting capacity of 15 tons, 
and was operated by an engine of 8 H. P., the two engines being placed on a platform on the 
lower sills of the traveler about 2 ft. from the ground. 

INSTRUCTIONS FOR THE ERECTION OF STRUCTURAL STEEL.— The McClintic- 
Marshall Construction Co. has issued the following instructions to foremen. 

In Order to Avoid Accidents, as Far as Possible, be Guided by the Following: 

I. See that Your Equipment is Sufficiently Strong. — It is your duty to see that the equip- 
ment and tools you use for each part of the work are sufficiently strong to handle the same saJfely. 

You should see that the derricks you use are amply strong for the loads to be lifted. The 
goose neck and gudgeon pin are the critical points of a derrick. If you have any doubt about 
the strength of the goose neck, provide heavy wire guys from gudgeon pin to sill at base of stiff 
legs. Don’t lift a ten ton load on a five ton derrick. The same thing applies to gin poles and 
travelers. Don’t overload your equipment and don’t run any chances where life is endangered. 
Be careful not to lift any but a light load on a derrick if the length of the boom exceeds seventy 
times the least width or thickness of the boom; that is, if your boom is 12 in. X 14 in. the least 
width is 12 in., you should not lift a heavy load on this boom if it is more than seventy feet in 
length. 

* Engineering News, Dec. ii, 1913. The structural steel was fabricated and erected and the 
traveler was designed by the Morava Construction Co., Chicago, Illinois. 
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See that travelers are well and carefully framed and erected, well braced and capable of 
withstanding the greatest wind, and shocks from heaviest loads that are to be lifted. 

that the hooks, shackles and beckets on your blocks are amply strong, and don’t allow a 
gate block to be used without it being closed and hooked. Also see that your cables and chains, 
as well as the rings and hooks in the same, are amply strong for the loads to be lifted. 

Do not use old or worn line when there is any danger to men or material by so doing. Cut 
out the use of manila line whenever possible. When you are obliged to use it be sure it is amply 
strong. Use steel cable whenever possible, as it is safer, will last longer and is cheaper in the 
long run. Be sure that the guy cables for gin p)oles, derricks, etc., arc of sufficient size to with- 
stand the tension to come upon them. Also that the cables are securely fastened by means of a 
sufficient number of good, strong clamps well fastened, and also that dead men or other anchorages 
are ample, and watch them when lifting heavy loads to see that guys do not cut dead men in two. 
Keep gin pole guys as near at right angles to each other as possible, when only four arc used. 

You should be careful to see that the gas pipe or wooden scaffold you use is of proper size 
and strength for the span and loads. If there is any question about the strength, test the same 
by applying several times the load that will come upon it. Sec that plank you use for scaffolding, 
etc., is the right kind of wood, preferably white or yellow pine, free from knots and shakes and 
plenty strong, watching to see that it is thick enough for the span on which it is usecl. 

Do not put heavy loads on light push cars. The frame is not only liable to crush but the 
shafts, boxes or wheels may bend or break, upsetting the load and injuring the men. 

2. See That Your Equipment is in Order. — In setting up your derricks sec that they are 
plumb, properly guyed and that the splices are brought into contact and bolted with tight-fitting 
bolts. See that the goose-necks fit gudgeon pin closely and arc not cracked or bent and that the 
top of stiff-leg is tied down from the goose-neck to the sill to prevent lifting tendency. If the 
timbers in the mast, boom, stiff-legs or sills are rotten, knotty or wind shaken, do not use them. 
See that your gudgeon pin and pintle casting are well fastened to the mast, and if the mast is of 
wood that the wood is not rotten or worn at these points. 

You should see that all leads are as straight and direct as possible, as failure to provide good 
leads reduces the efficiency of your power and equipment, as well as producing heavy wear on the 
lines and is a frequent cause of accidents. Particular care should be exercised in securing good 
leads for wire cable on account of liability of breaking the individual wire strands by sharp bends 
or indirect leads. A broken individual wire is liable to lie across and cut the other wires of the 
cable. When you use a wooden traveler ^e that the timbers are all in good condition and that 
it is erected plumb and square and the joints are properly and securely bolted. More accidents 
occur from the use of wooden derricks and wooden travelers than from any other cause, and for this 
reason extreme care should be exercised to see that they are in good condition before using them. 
When a traveler is used, see that it is properly erected and thoroughly bolted and all sway and 
bracing rods tightened. 

Do not use an iron gin pole if the sections are bent or dented seriously, or the splices do not 
clamp the pole tightly and securely. Do not use a wooden gin pole unless the timber is in good 
condition, well spliced with good long splices securely bolted. 

See that your hoisting engine is in good order; that the shafts are not bent, the dogs, clutches 
and brakes, including the friction, are in good condition and working order. The lever con- 
trolling the winch heads should be straight and when thrown in should engage the ratchet fully. 
See that winch head cannot slip off shaft. See that the boilers are cleaned frequently and kept in 
good condition. 

You should be particular to see that gas pipe scaffolding is not rusted on the inside and that 
it is fastened so that it cannot roll or turn. Do not use any plank or timl:)cr for scaffolding that 
is knotty, rotten or weather cracked, and allow no man to work on scaffold plank laid loose on 
the supports. The plank should be fixed so that they cannot move or slide endwise, by using drop 
bolts. 

All cables should be in good condition and kept oiled or greased so that they will not rust; 
if they are not in good condition, do not use them. All guy cables should be securely fastened 
by means of a sufficient number of good clamps. 

See that your chains and the rings and hooks in the same are not worn, cracked or bent 
out of shape and that they are annealed at least once every three months in an annealing furnace, 
if you are near one, or otherwise anneal them yourself by laying them down in a straight line and 
building a good sized wood fire over them, heating slowly to a cherry red, then cover over thor- 
oughly with ashes and heated dry dirt leaving them to cool slowly in the ashes and dirt. In laying 
the chains down in a straight line do not lay one chain on top of another. Be particular to see 
that the covering is ample so that air or moisture cannot cool the chains quickly or partially. 
This annealing should be done on Saturday and chains not disturbed until Monday. Chains 
used frequently every day should be annealed once a month. 

See that your blocks are in good order and that the beckets, shackles and hooks are not 
bent, cracked or out of shape, and that faces of blocks are in good condition, also that the sheaves 
are not cracked or the flanges broken. 
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See that all button sets (rivet sets) are fastened to the air hammers. 

3. See that Your Equipment and Tools are Properly Used. — In using a locomotive crane be 
sure that your track is properly ballasted and level and the rails well spiked down. Do not lift a 
load sideways when the locomotive crane is standing on a curvet without using extra care. Use your 
outriggers and rail clamps when lifting a heavy load. 

The loads that a locomotive crane is capable of handling safely for each radius are plainly 
marked on the crane; don’t attempt to lift heavier loads with the crane. 

See that the booms of locomotive cranes, derrick cars or derricks, are in first class condition. 
If the boom (or flanges of the boom) has been injured or bent, don’t use it, but replace the broken 
or bent part with new material. Don’t attempt to straighten it, as the material in all probability 
has been injured, and will break or collapse sooner or later. 

A locomotive crane is a useful, but dangerous piece of equipment, for this reason the greatest 
possible care should be exercised in handling the same. Don't allow any man on the car or crane 
cab, except the craneman, and keep workmen from under the boom. Don’t attempt to shift track with 
your crane standing on the same track, and don’t attempt to lift a maximum load with the boom 
horizontal. 

You must be especially careful in swinging boom sidewise or lifting loads sidewise with a 
derrick car as your car will upset unless you use outriggers or guys. • Don’t run chances, but lift 
the load straight ahead wherever possible. See that the boom on the derrick car is tightly guyed 
at all times with wire^rope running from end of boom to sides of car. Never use manila line for 
this purpose, as it will stretch and your boom will get away from you, upsetting the car. Use 
additional guys to end of boom when setting heavy loads. 

In carrying loads with a locomotive crane or derrick car on a curve, be sure that the track is 
level and the outer rail not elevated as is customary with railroad track. 

Be very careful in using a wooden boom extension or outriggers, that you do not lift too 
heavy loads. The increased length of the boom and the weight of extension reduce the lifting 
capacity considerably. Whenever possible, avoid the attachment of guy lines to railroad tracks, 
as numerous accidents have occurred by car running into the guys. 

Hook onto sheets or bundles of small material so that they cannot slip out. 

Don’t allow men to carry glazed window sash on their shoulders when the wind is blowing. 

Sec that gate blocks arc securely fastened and that men do not stand in the “bite” of a line. 

Do not use a light gate block when lifting heavy loads. 

Lines should be run around two winch heads when making a heavy lift. 

When you use a derrick keep the boom elevated above a horizontal line as far as possible, as gen^ 
erally the worst stress comes on the boom and mast as well as stiff-legs or guy lines when boom is in a 
horizontal position. A maximum load for the derrick should never he lifted with the boom in a hori- 
zontal position. 

When you use a gin pole see that the splices are well bolted and the pole is properly guyed. 
Do not lean the pole too muc h when lifting a load or moving the pole and see that the foot of the 
pole cannot move or slip except when you desire to move it. 

A number of accidents have occurred through the improper loading of push cars. See that 
the load is properly placed so that it cannot roll or tumble over, especially going around a curve. 
Do not allow your men to push on the side of the car with a top heavy load. They should push 
or pull from the ends of the piece. 

When you lift a beam or girder use scissor dogs or cast steel girder hooks wherever possible, 
and if you arc obliged to use either ordinary dogs or chains sec that wooden blocks are used be- 
tween the chain or dog and the flange to prevent the girder from slipping. 

Avoid the use of chains except for lifting light loads. Where you have heavy loads to lift 
use cable slings, being careful to avoid sharp bends by using rounded wooden blocks between 
cable and load. Don’t put too many parts of lashing into a hook as by doing so you are liable to 
open up the hook. Sec that exposed parts of dangerous machinery are prop>crly covered. 

4. Be Orderly, Careful. — Sec that your work is carried on in an orderly, careful manner. 

See that material is unloaded and piled in an orderly, careful way so that it cannot fall, turn 

or be blown over. 

Unless necessary, do not hoist any material to a structure until you are ready to put it into 
position and properly fasten it. In cases where you do hoist material to the structure before 
putting it in its final position, sec that it is piled in an orderly way so that it cannot turn or roll 
over when a man steps on it. 

Don’t let tools or equipment such as bolts, nuts, drift pins, blocks, dolly bars, etc., lie around 
so that they can be knocked off the work or so that any one can fall over them. Keep every- 
thing orderly and in ship-shape and allow nothing to lie around. 

5. Be Vigilant. — You must use vigilance and be on the job practically all the time to see 
that your men are carrying out your instructions; that tools and eouipment are in fit condition 
for the work and that they are handling the work carefully and intelligently. 

Be careful and insist on the men under you being careful, and do not allow any one who is 
reckless and careless to work for you. 
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Whenever any question as to the safety of equipment or tools or the work which you are 
erecting is brought to your attention by any of the men under you or others, investigate the 
same and satisfy yourself of the safety of the same before proceeding further. If you are satisfied 
the work, equipment or tools are not safe, put them in a safe condition immediately. 

6. See that ^oper Instruction is Given Employees. — Call attention of men to any dangerous 
conditions on the job so that they can be on the lookout. Your faithful attention to this matter 
is to the interest of employee and employer alike. 

7. Unfit Condition. — You must see that every employe under you is in proper physical con- 
dition. They should be strong, temperate, clear-headed, with good eyesight, good hearing, and 
not lame or crippled. 

Do not allow any man to go to work who has been drinking or drinks during working hours 
or who is sick or in unfit condition. A man’s mind is not dear who is at all under the influence 
of liquor and thus endangers his own and fellow workmen’s lives. Don’t employ ignorant persons. 

Don’t employ any one under eighteen years of age and preferably no one under twenty-one. 
Those employed between the ages of eighteen and twenty-one should be strong, sober, healthy 
boys who desire to learn the business. You must secure a written permit from the parents of 
all boys under twenty-one years of age, authorizing you to employ them. Forms for this purpose 
will be sent you. The character of this business is such that a workman should be strong and 
sound in body, temperate in habits, clear and alert in mind, to av'oid accidents. 

8. Use Judgment. — You must use judgment in assigning men to do certain work and see that 
they are capable and experienced in the work to be done. 

Signal men should be capable, experienced bridgemen, and should stand in a position where 
they can be seen by the men at the hoisting engine and those connecting the work. Signals 
should be clearly understood. Use none but good, careful, experienced locomotive cranemen, 
derrick car men, and men on winch heads. 

Don’t resort to expediency by allowing an inexperienced man to do the work where experience 
counts. Educate the men up to their work. Don’t throw too much on inexperienced men all 
at once. You should see that the pusher and men use proper tools to do the work and handle 
same properly. Don’t allow your men to work on crane runway when cranes arc in motion. 
Don’t allow men to work on scaffold that you would not work on yourself. Where there are 
heavy pieces to be lifted see if the weight is marked on the piece; if not, get the weight from 
the invoice and mark it on, calling pusher’s attention to it. 

9. Do Not Allow Men to Work in Perilous Places. — You must see that your men arc not 
exposed to extremely hazardous conditions and that they arc not allowed to work in extremely 
dangerous places. 

Do not allow your men to work under loads and in places where there is imminent danger. 

Be careful not to allow men to work on the roofs of buildings when there is frost, ice or snow 
on the same, without taking extreme precautions. The same applies to other steel structures. 

’ 10. See That Workmen Obey Following Rules. 

a. Don’t Be Reckless. — More accidents occur through recklessness than any other cause. 
Don’t walk on rods. Don’t ride a load. Don’t ride on a locomotive crane. 

b. Don’t Be Careless. — Look where you step and be sure that on what you step is safe and 
secure. Don’t step on ends of loose plank. Don’t start to slide down a line unless you arc sure 
the ends are fastened. 

c. Be Orderly. — Do whatever you do in an orderly, careful manner. Pile material so that 
it cannot roll, fall, tumble, or be blown over. Don’t let tools or equipment such as bolts, nuts, 
drift pins, blocks, dolly bars, etc., lie around so that they can be knocked off the work or so that 
any one can fall over them. 

d. Unfit Condition. — Don’t go to work if you have been drinking or do not feel well. If you 
are lame or have any defect in hearing or eyesight you should not work at this business as by so 
doing you endanger your own and fellow workmen’s lives. If you arc inexpcTicnced in, or un- 
suited for the work to be done, don’t undertake it. 

^ e. Be Vigilant. — Watch what you are doing. Don’t stand or work under a load. Don’t 
go in the “bite” of a line nor stand in front of a snatch block. Don’t work on or about a crane 
runway when the crane is in use unless there is a stop between you and the crane. 

/. Don’t Use Unfit Tools. — Be sure the tools and equipment you use are in good working 
order. If they are not, don’t use them. Don’t work with men who don’t observe these rules. 



GENERAL SPECIFICATIONS FOR THE ERECTION OF 
STEEL RAILWAY BRIDGES. 

American Railway Engineering 
Association. 

For Fixed Spans Less Than 300 Feet in Length. 

1923. 

1. Definitions of Terms. — The term “ Engineer ’* refers to the Chief Engineer of the Com- 
pany or his subordinates in authority. The term “ Inspector ” refers to the Insp)ector or In- 
spectors representing the Company. The term “ Company ” refers to the Railway Company 
or Railroad Company party to the agreement. The term “ Contractor ” refers to the erection 
contractor party to the agreement. 

2. Work to Be Done. — The Contractor shall erect the metal work, make all connections 
and adjustments, remove the old structure and falsework, and do all work required to complete 
the bridge or bridges, as covered by the agreement^ in accordance with the plans and these speci- 
fications. 

3. Drawings to Govern. — Where the drawings and the specifications differ, the drawings 
shall govern. 

4. Plant. — The Contractor shall provide all tools, machinery, and appliances, including drift 
pins and fitting up bolts, necessary for the e.xpeditious handling of the work. The Contractor 
shall protect the Company against claims on account of patented devices or parts used by him 
on the work. 

5. Plans. — The Company will furnish complete detail plans for the bridge or bridges to be 
erected, including shop details, camber diagrams, erection diagrams, match-marking diagrams, 
list of field rivets and lx)lts, and copy of shipping statements showing a full list of parts and weights. 

6. Delivery of Materials. — The Contractor shall receive all materials entering into the 
finished structure, free of charge at the place designated, loaded or unloaded, as specified in the 
information given bidders. 

7. Handling and Storing Materials. — ^The Contractor shall unload material promptly upon 
delivery, otherwise he shall be responsible for demurrage charges. Stored material shall be piled 
securely outside the tracks, and no material shall be placed closer than six feet to the near rail. 
Material shall be placed on skids, above the ground. It shall be kept clean and properly drained. 
Girders and beams shall be placed upright and shored. Long members, such as columns and 
chords, shall be supported on skids placed near enough together to prevent injury from deflection. 
The Contractor shall check all material turned over to him against shipping lists and report 
promptly in writing any shortage or injury discovered. He will be held responsible for the loss 
of any material while in his care, or for any damage resulting from his work. 

8. Falsework. — Unless otherwise provided, the ('ontractor shall prepare and submit to the 
Engineer for approval, plans for falsework, or for changes in an existing structure necessary for 
maintaining traffic. The falsework shall be projXirly designed and substantially constructed and 
maintained for the loads which will come upon it. Approval of the C ontractor’s plans shall 
not be considered as relieving the Contractor of any responsibility. Temporary structures or 
falsework placed by the Company, if suitable, may be used by the Contractor. 

9. Masonry. — The Company will construct the masonry to correct lines and elevations, and 
will establish the lines and elevations required by the Contractor for setting the steel. 

10. Bearings and Anchorage. — Bed plates, bolsters, and shoes shall be set level in exact 
position. They shall be given full and even bearing by setting them on a layer of Portland 
cement mortar or dry cement, or by tightly ramming in rust cement after blocking them accurately 
in position, as directed by the Engineer. 

1 1 . The Contractor shall drill the holes and set the anchor bolts, except where the bolts are 
built into the masonry. The bolts shall be set accurately and fixed with Portland cement grout 
completely filling the holes. 

12. Methods and Equipment. — Before stauting work, the Contractor shall advise the Engineer 
fully as to the method he proposes to follow, and the amount and character of equipment he 
proi)08eB to use, which shall be subject to the approval of the Elngineer. The approval of the 
Engineer shall not be considered as relieving the Contractor of the responsibility tor the safety 
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of his method or equipment or from carrying out the work in full accordance with the plans and 
specifications. No work shall be done without the sanction of the Engineer. 

13. Assembling Steel. — All partMhall be accurately assembled as shown on the plans and 
any match-marks carefully followed. The material shall be carefully handled so that no parts 
will be bent, broken or otherwise damaged. Hammering which will injure or distort the members 
will not be permitted. Bearing surfaces and surfaces to be in permanent contact shall be cleaned 
just before the members are assembled. Unless erected by the cantilever method, truss spans 
shall be erected on blocking so placed as to give the trusses proper camber until all tension cnord 
splices are fully riveted and all other truss connections pinned and bolted. Rivets in splices of 
butt joints in compression members shall not be driven until the span has been swung. Splices 
and held connections shall have one-half of the holes filled with bolts and cylindrical erection 
pins (half bolts and half pins) before riveting. Splices and connections carrying traffic during 
erection shall have three-fourths of the holes so filM. 

Fitting up bolts shall be of the same nominal diameter as the rivets, and the cylindrical 
erection pins shall be ^-inch larger. 

14. Riveting. — Riveting preferably shall be done with pneumatic riveters and buckets. 
Rivets larger than |-inch in diameter shall not be driven by hand. Connections shall be accurately 
and securely fitted up before the rivets are driven. Light drifting will be permitted to draw the 
parts together, but drifting to match unfair holes will not be permitted. Unfair holes shall be 
reamed or drilled. Rivets shall be heated to a light cherry color, and in driving shall be upset 
to completely fill the holes. Heads shall be full and symmetrical, and concentric with the shank, 
and shall have full bearing all around. They shall be of the same shape and size as the heads 
of the shop rivets. Rivets shall be tight and shall grip the connected parts securely together. 
No recupping or caulking will be permitted. Rivets shall not be overheated or burned. In 
removing rivets, the surrounding metal shall not be injured; if necessary, rivets shall be drilled 
out. Cup faced dollies, fitting the head closely to insure good bearing, shall be used. 

15. Bolted Connections. — In bolted connections, bolts shall be drawn up tight and threads 
burred. 

16. Pin Connections. — Pilot and driving nuts shall be used in driving pins. They will be 
furnished by the Company and shall be returned to the Company on completion of the work. 
Pin nuts shall be screwed up tight and threads burred. 

17. Deck. — Where so specified, the ties, guard timbers, guard rails, fire decking, concrete 
decking, waterproofing, ballast, and deck planking, and the track r^ils and tie plates, shall be 
placed by the Contractor. The timber deck shall be placed in accordance with the Company’s 
plans. If treated timber is used, the Company will deliver it prof)erly framed to the Contractor. 
If untreated, it shall be framed by the Contractor. The ties shall be framed to give a full and 
even bearing on the girders and under the rails. The guard timbers shall be dapf)ed and framed 
to a snug fit over the ties and fastened as shown o.i the plans. If necessary to do any framing 
or cutting of treated timber, the resulting surfaces shall be given a brush treatment with wood 
preservative, as directed by the Engineer. Where concrete decking is used, or waterproofing 
18 required, the specifications therefore will be furnished by the Company. 

18. Misfits. — Corrections of minor misfits and a reasonable amount of reaming and cutting 
of excess stock from rivets will be considered a legitimate part of the erection. Any error in shop 
wrk which prevents the proper assembling and fitting up of parts by the moderate use of drift 
pins or a moderate amount of reaming and slight chipping or cutting, shall immediately be reported 
to the Inspector, and his approval of the method of correction obtained. The correction shall 
be made in the presence of the Inspector, who will check the time and material. The Contractor 
shall render within thirty days an itemized bill for such work of correction for the approval of 
the Engineer. 

19. Painting. — ^The heads of field rivets shall be given a coat of the shop paint by the Con- 
tractor. This painting shall not be done until the Inspector has examined the rivets and found 
them satisfactory. The tops of stringers and girders which are to carry ties shall be given one 
coat of field paint. 

If the field painting is to be done by the Contractor, the specifications therefore will be 
furnished by the Company. 

20. Removal of Old Structure and Falsework. — ^The Contractor shall dismantle the old 
structure and falsework and load the material on cars for shipment,* or pile it neatly at a site 
immediately adjacent to the tracks, at an elevation convenient for future handling, as directed 
by the Engineer. When the old structure is of iron or steel and is to be used again, it shall be 
dismantled without unnecessary damage and the parts match-marked. 

21. The Contractor shall remove the piling to the surface of the ground, and all debris and 
refuse resulting from his work, leaving the premises in good condition. 

22. Supermtendence and Workmen. — During the entire progress of the work the Contractor 
shall have a competent foreman or superintendent in personal charge of the work. Instructions 
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given to the foreman or superintendent shall be considered as given to the Contractor. All work 
shall be done by skilled, competent workmen. 

2j. Interference With Traffic. — The Contractor shall conduct his work in such a manner 
that tne track, while in service, will be safe and clear for the passage of trains. Tracks shall be 
disturbed or removed for the prosecution of the work during such times only as allowed by the 
Company, While the Contractor is actively engaged in the erection, trains will be required to 
approach the bridge prepared to come to a stop before crossing and will proceed only on signal. 
Duiing the time the Contractor operates his equipment on the tracks or has occasion to make the 
tracks unsafe for the operation of trains, his oi:>erations will be in charge of a conductor or pilot 
who will arrange and control the train movements. 

24. Company Equipment. — When the agreement provides that the Company shall furnish 
equipment to the Contractor, such as flat cars, water cars, bunk cars, etc., the Contractor shall 
repair all damage to such equipment furnished for his use and return it in as good condition as 
when he received it. 

25. Work Train Service. — When, under the agreement, work train or engine service is 
furnished the Contractor without charge the Contractor shall state in his bid the number of days 
such service will be required. Any excess over the time specified in this bid shall be paid for by 
the Contractor at the Company’s schedule of rates. 

26. Risk. — The Contractor shall be responsible for loss of or damage to materials, for all 
damage to persons or property, and for casualties of every description caused by his operations 
during the progress of the work. Injuries or losses due to events beyond the control of the Con- 
tractor shall not be borne by him unless they occurred because of his dilatory methods in handling 
the work, extending the time beyond the time limit designated in the agreement. 

27. Inspection. — The work shall be subject at all times to inspection by the Engineer. 

28. Laws and Permits. — The Contractor shall comply with Federal, State and local laws, 
regulations and ordinances, and shall obtain at his own expense the necessary permits for his 
operations. 


INSTRUCTIONS FOR THE INSPECTION OF BRIDGE ERECTION.* 

(1) Study and observe the plans and specifications for steel construction. Study the masonry 
plans and check the masonry as built with the steel plans. 

(2) Familiarize yourself with the local conditions alTecting erection. 

Make the acquaintance of the principal men engaged upon the work and of local residents 
whose interests may be aflcctcd thereby. 

(3) Obtain and study carefully the time table and be well posted concerning the time when 
regular and extra trains arc due and their relative importance. Acejuaint yourself with all special 
traffic arrangements, made because of the work in hand. 

(4) Secure full information concerning the conditions of the work in the bridge shop and the 
probable dates of shipment. 

(5) Obtain reports of any uncompleted or erroneous work that must be attended to after 
arrival of the material in the fiehl. 

(6) Study the erection program in order to avoid delays and be able to recommend some 
other procedure in an emergency. 

(7) Endeavor to have full preparations made before disturbing the track so that the erection 
may proceed rapidly and the period of such disturbance be made a minimum. 

(8) Keep a record of the arrival of all materials. The contractor’s record should be sufficient 
if available. Strive to anticipate any shortage of material anti use all available facilities to hasten 
delivery of the needed parts. 

(9) Study the progress of the work and determine whether it is likely to be completed in the 
time allotted. If not, endeavor to secure such additions to the force and equipment as will insure 
such completion. 

(10) Make a daily record of the force employed and the distribution of labor, in a way that 
will assist in following clauses 9 and 23. 

(11) Exercise a constant supervision of any temporary' structure or falsework and make 
soundings if necessary wdth the purpose of discovering any evidence of failure or lack of safety 
and having it corrected before damage is done. E.xamine erection equipment wdth a view to its 
safety and adequacy. 

(12) Be constantly on hand when work is in progress and note any damage to the metal, 
failure to conform to the six'cification or any esix^cial difficulty in assembling. 

(13) Make sure that each member of the structure is placed in its proper position. If match 
marks are used, examine them with care. 

* Am. Ry. Eng. Assoc., Vol. 14, p. 90. 



602 


ERECTION OF STRUCTURAL STEEL. 


Chap. XIV. 


Endeavor to have the several members assembled in such order that no unsatisfactory make- 
shifts need be resorted to in getting some minor member in place. 

(ia) Prevent any abuse or rough usage of the material. Bending, straining and heavy pound- 
ing with sledges are included in such abuse. 

(15) Watch carefully the use of fillers, washers and threaded members to see that they are 
neither omitted nor misused. 

(16) Make certain that all parts of the structure are properly aligned and that the required 
cumber exists before riveting. It is possible for a structure to be badly distorted although the 
rivet holes are well filled with the bolts. 

(17) Watch the heating of rivets to insure against overheating and to make sure that scale 
is removed. 

Examine and test carefully all field-driven rivets and have any that are loose or imperfect 
replaced. 

^ Have cut out and replaced all rivets, whether shop-driven or field-driven, that may be loosened 
during erection and riveting. 

Prevent injury to metal while removing rivets. 

(18) Present to the contractor at once for his attention any violation of the specifications 
or contract, and secure a correction or refer the matter to the proper authorities as soon as possible. 

(19) Keep informed concerning the use of Company material and work trains and assist 
in procuring such material and trains when needed, and preserve a record thereof. 

(20) Secure a match-marking diagram of any old structure to be removed and sec that each 
part of such structure is properly marked in accordance therewith. Make a record of the manner 
of cutting the old structure apart and report any damage to the members of the old structure. 
Indicate by sketches or otherwise such repairs or replacement as will be found necessary in re- 
erection. 

(21) Secure photographic records of progress and the important features of the work where- 
ever practicable. 

(22) Make a record of flagging of trains, whether performed for the benefit of the Contractor 
or otherwise, delays to trains, personal injuries, and accidents of every kind. 

(23) Make reports as directed, showing the progress of the work, the size of the force and 
the equipment in use. 

Make a final report showing the cost of labor of erection per ton of material erected, the 
cost of labor per rivet in riveting, the cost of correcting errors in design and fabrication and com- 
menting on the design and details; and give such other information as may be useful in planning 
similar work. 

References. — For an investigation of the stresses in derricks and data on erection equipment, 
see Bland’s “ Handbook of Steel Erection,” published by the McGraw-Hill Hook Company, Inc. 
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Engineering Materials. 

IRON AND STEEL. — The following definitions were adopted by the Committee on the 
Uniform Nomenclature of Iron and Steel of the International Association for Testing Materials, 
September, 1906. 

Cast Iron. — Iron containing so much carbon or its equivalent that it is not malleable at any 
temperature. The committee recommends drawing the line between cast iron and steel at 2.20 
per cent carbon. 

Pig Iron. — Cast iron which has been cast into pigs direct from the blast furnace. 

Bessemer Pig Iron. — Iron which contains so little phosphorus and sulphur that it can be used 
for conversion into steel by the original or acid Bessemer process (restricted to pig iron containing 
not more than o. 10 jkt cent of phosphorus). 

Basic Pig Iron. — Pig iron containing so little silicon and sulphur that it is suited for easy 
conversion into steel by the basic open-hearth process (restricted to pig iron containing not more 
than 1. 00 per cent of silicon). 

Gray Pig Iron and Gray Cast Iron. — Pig iron and cast iron in the fracture of which the iron 
itself is nearly or quite concealed by graphite, so that the fracture has the gray color of graphite. 

White Pig Iron and White Cast Iron. — Pig iron and cast iron in the fracture of which little 
or no graphite is visible, so that the fracture is silvery and white. 

Malleable Castings. — Castings made from iron which when first made is in the condition of 
cast iron, and is made malleable by subsequent treatment without fusion. 

Malleable Pig Iron. — An American trade name for the pig iron suitable for converting into 
malleable castings through the process of melting, treating when molten, casting in a brittle state, 
and then making malleable without remelting. 

Wrought Iron. — Slag-bearing, malleable iron, which does not harden materially when suddenly 
cooled. 

Steel. — Iron which is malleable at least in some one range of temperature and in addition is 
either (a) cast into an initially malleable mass; or, (b) is capable of hardening greatly by sudden 
cooling; or, (c) is both so cast and so capable of hardening. 

Open-hearth Steel. — Steel made by the open-hearth process, irrespective of carbon content. 

Bessemer Steel. — Steel made by the Bessemer process, irrespective of carbon content. 

BUster Steel. — Steel made by carburizing wrought iron by heating it in contact with car- 
bonaceous matter. 

Crucible Steel. — Steel made by the crucible process, irrespective of carbon content. 

Steel Castings. — Unforged and unrolled castings made of Bessemer, open-hearth, crucible 
or any other steel. 

Alloy Steels. — Steels which owe their properties chiefly to the presence of an element other 
than carbon. 

Classification of Iron and Steel. — The limits of carbon, the specific gravity and properties 


of iron and steel 

are as follows: 

Per cent of Carbon. 

Specific Gravity. 

Properties. 

Cast Iron 

5 to 1.50 

7.2 

Not malleable, not temperable 

Steel 

1.50 to O.IO 

7.8 

Malleable and temperable 

Wrought Iron 

0.30 to 0.05 

7-7 

Malleable, not temperable 

It will be seen that the percentage 

of carbon alone is not sufficient to distinguish between steel 


and wrought iron. The softer grades of steel resemble wrought iron. Very mild open-hearth 
steel is ( ften sold under the trade name of “ Ingot Iron,” and is reputed to have many advantages 
over structural steel, most of which properties it does not possess among which is the ability to resist 
corrosion. 
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CAST IRON. — The product of the blast furnace, where the iron ore is reduced in the presence 
of a flux, is called pig iron. The term cast iron is commonly applied to pig iron after it has been 
ag^in melted and cast into finished form. Cast iron contains carbon, silicon, sulphur, phosphorus, 
and manganese in addition to pure iron, and occasionally very small quantities of other elements. 
The amount of carbon depends largely up>on the presence of other elements. 

Carbon . — The percentage of carbon ordinarily varies between li and 4 per cent, but in the 
presence of manganese the carbon may be much higher. Carbon may occur in the form of com- 
bined carbon, giving a white brittle cast iron, or in the form of graphite, giving a gray cast iron, 
which is the form used in structural castings. The proper amount of carbon in cast iron depends 
upon the amount of other impurities and upon the use that is to be made of the finished product. 

Silicon . — The carbon is controlled by varying the amount of silicon and suli)hur. Silicon 
acts as a precipitant of carbon, changing it from the combined form to the graphite form. The 
silicon in gray cast iron is usually between f and 3 per cent. 

Sulphur . — Sulphur has the opposite effect of silicon and its presence is considered objection- 
able. Sulphur produces " red-shortness ” (brittleness when the iron is heated). The amount of 
sulphur in gray-iron castings should not exceed 0.12 per cent. 

Manganese . — Manganese and sulphur both tend to increase the amount of combined carbon, 
but they tend to neutralize each other. Manganese gives closeness of grain and prevents the 
absorption of sulphur on remelting. The amount of manganese in gray-iron castings is usually 
»ess than i per cent; more than 2 per cent makes cast iron brittle. 

Phosphorus . — Phosphorus increases the fusibility and fluidity of cast iron but at the same 
time makes it brittle. A high phosphorus content is necessary in cast iron for light ornamental 
castings where strength is not required. The phosphorus in gray-iron castings varies from i to 
I J per cent. 

Malleable Castings. — Small thin castings made of white cast iron may be decarbonized by 
heating the castings in annealing pots containing hematite ore or forge iron scale. The castings 
are kept at a cherry red heat for three to four days, and are then allowed to cool slowly. The metal 
in malleable castings should not exceed J in. in thickness in small castings, nor i in. in large 
castings, and should be of uniform thickness. 

Strength of Cast Iron. — The strengths of gray-iron castings are given in Table I and in the 
Specifications for Gray-iron Castings of the American Society for Testing Materials. 


STANDARD SPECIFICATIONS FOR GRAY-IRON CASTINGS 

OF THE 

AMERICAN SOCIETY FOR TESTING MATERIALS. 

Adopted September i, 1905.* 

1. Process of Manufacture. All gray castings are understood to be made by the cupola 
process, unless furnace iron is specified. 

2. Chemical Properties. The sulphur contents to be as follows: 

Light castings not over 0.08 per cent 

Medium castings “ o.io “ 

Heavy castings “ 0.12 “ 

3. Classification. In dividing castings into light, medium and heavy classes, the following 
standards have been adopted: 

CastingsT having any section less than ^ in. thick shall be known as light castings. 

Castings in which no section is less than 2 in. thick shall be known as heavy castings. 

Medium^ castings are those not included in the above classification. 

4. Physical Properties. Transverse Test. The minimum breaking strength of the “ Arbi- 
tration Bar ” under transverse load shall be not under: 


Light castings 2,500 lb. 

Medium castings 2,900 “ 

Heavy castings 3,300 ** 


In no case shall the deflection be under o.io in. 

• Details of making tests revised in 1918. Physical and chemical requirements were not 
changed. 
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Tensile Test. Where specified, this shall not run less than; 

Light castings 18,000 lb. per sq. in. 

Medium castings 21,000 “ “ “ 

Heavy castings 24,000 “ “ “ 

5. Arbitration Bar. The quality of the iron going into castings under specification shall be 
determined by means of the “ Arbitration Bar." This is a bar in. in diameter and 15 in. long. 
It shall be prepared as stated further on and tested transversely. The tensile test is not recom- 
mended, but in case it is called for, the bar as shown in Fig. i , and turned up from any of the broken 
pieces of the transverse test shall be used. The expense of the tensile test shall fall on the pur- 
chaser. 

6. Number of Test Bars. Two sets of two bars shall be cast from each heat, one set from the 
first and the other set from the last iron going into the castings. Where the heat exceeds twenty 
tons, an additional set of two bars shall be cast for each twenty tons or fraction thereof above this 
amount. In case of a change of mixture during the heat, one set of two bars shall also be cast 
for every mixture other than the regular one. Each set of two bars is to go into a single mold. 
The bars shall not be rumbled or otherwise treated, being simply brushed off before testing. 



Fig. I. — .\ruii RATION Test Bar. Tensile Test Piece 

7. Method of Testing. The transverse test shall be made on all the bars cast, with supports 
12 in. apart, load applied at the middle, and (he deflection at rupture noted. One bar of every 
two of e ch set made must fulfil the requirements to permit acceptance of the castings represented. 

8. Mold for Test Bar. The mold for the bars is shown in Fig. 2. The bottom of the bar is 
iV in. smaller in diameter than the top, to allow for draft and for the strain of pouring. The 
pattern .shall not be rapped before withdrawing. The flask is to be rammed up with green molding 
sand, a little damix*r than usual, well mixed and put through a No. 8 sieve, with a mixture of one 
to twelve bituminous facing. The mold shall be rammed evenly and fairly hard, thoroughly dried 
and not cast until it is cold. The test bar shall not be removed from the mold until cold enough 
to be handled. 

9. Speed of Testing. The rate of application of the load shall be from 20 to 40 seconds for a 
deflection of o.io in. 

10. Samples for Analysis. Borings from the broken pieces of the “ Arbitration Bar " shall 
be used for the sulphur determinations. One determination for each mold made shall be 
required. In case of dispute, the standards of the American Foundrymen’s Association shall be 
used for comparison. 

11. Finish. Castings shall be true to pattern, free from cracks, flaws and excessive shrinkage. 
In other respects they shall conform to whatever points may be specially agreed upon. 

12. Inspection. The insix'ctor shall have rea.sonable facilities afforded him by the manu- 
facturer to satisfy him that the finished material is furnished in accordance with these specifications. 
All tests and inspections shall, as far as possible, be made at the place of manufacture prior to 
shipment. 

WROUGHT IRON. — Wrought iron is made in a reverberatory furnace from pig iron or from 
molten metal taken directly from the blast furnace. The hearth of the reverberatory furnace is 
fettled with high grade iron ore or mill scale, which acts as an oxidizing agent for reducing the 
impurities. The puddling process may be divided into four stages: First or melting down stage, 
occupying about 30 minutes, during which the silicon and manganese are oxidized and a consider- 
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able part of the phosphorus is oxidized; all oxidized products unite with the slag. Second or 
clearing stage, occupying about lo minutes, during which the remainder of the silicon and manga- 
nese, and more of the phosphorus are oxidized and removed from the pig iron. Third or boiling 
stage, occupying about 30 minutes, in which nearly all the carbon is removed and most of the 
remaining phosphorus is removed. Last or balling stage, occupying about 20 minutes, in which 
the metal is gathered by the puddler into balls weighing about 75 to ICX) lb. 



Fig. 2. — Mold for Arbitration Test Bar. 


The puddled balls of iron and slag are hammered or are run through rolls to sciueczc the slag 
from the balls, and the resulting bars are called muck bars. The muck bar is again reheated and 
rerolled and the resulting product is commercial merchant bar. 

Wrought iron when broken in tension shows a fractured section irregular and fibrous. The 
strength of wrought iron varies with the chemical composition, the mechanical work and heat 
treatment it has received. The strength of wrought iron is given in Table I, and the specifications 
for wrought-iron bars and plates as adopted by the American Society for Testing Materials are 
as follows: 


STANDARD SPECIFICATIONS FOR REFINED WROUGHT-IRON BARS 


OF THE 

AMERICAN SOCIETY FOR TESTING MATERIALS. 

Adopted 1912; Revised 1918. 

I. MANUFACTURE. 

1. Process. Refined wrought-iron bars shall be made wholly from puddled iron, and may 
consist either of new muck-bar iron or a mixture of muck-bar iron and scrap, but shall be free 
from any admixture of steel. 

II. PHYSICAL PROPERTIES AND TESTS. 

2. Tension Tests, (a) The iron shall conform to the ft^llowing minimum requirements as 


to tensile properties: 

Tensile strength, lb. [:)cr sq. in 48,000 

(See Sections 3 and 4.) 

Yield point, lb. per sq. in 25,000 

Elongation in 8 in., per cent 22 

(Sec Section 5.) 


(6) The yield point shall be determined by the drop of the beam of the testing machine. 
The speed of the cross-head of the machine shall not e.xceed J in. per minute. 

3. Permissible Variations in Tensile Strength. Twenty per cent of the test specimens rep- 
resenting one size may show tensile strengths 1000 lb. per sq. in. under or 5000 lb. per sq. in. over 
that specified in Section 2 ; but no specimen shall show a tensile strength under 4.5,000 lb. per sq. in. 

4. Modifications in Tensile Strength. For material over 4 sq. in. in sectional area, a reduc- 
tion of 500 lb. per sq. in. from the tensile strength specified in Section 2 will be permitted foi 
each adflitional 2 sq. in., and a proportionate amount of reduction for fractional parts thereof; 
provided that the tensile strength shall not be less than 45,000 lb. per sq. in. 

5. Permissible Variations in Elongation, Twenty per cent of the test specimens representing 
one size may show the following percentages of elongation in 8 in.; 

Round Bars. 


J in. or over, tested as rolled 20 per cent 

Under J in., “ “ “ 16 “ 

Reduced by machining 18 ** 


Flat Bars. 


I in. or over, tested as rolled 18 per cent 

Under | in., “ “ 16 “ 

Reduced by machining 16 


6. Bend Tests, (a) Cold-bend Tests. — Cold-bend tests will be made only on bars having a 
nominal area of 4 sq. in. or under, in which case the test spc'cimen shall bend cold through 180 deg. 
without fracture on the outside of the bent portion, around a pin the diameter of which is equal 
to twice the diameter or thickness of the specimen. 

(h) Hot bend Tests . — The test specimen, when heated to a temperature between 1700° and 
1800° F., shall bend through 180 deg. without fracture on the outside of the bent portion, as follows: 
For round bars under 2 sq. in. in section, flat on itself; for round bars 2 sq. in. or over in section 
and for all flat bars, around a pin the diameter of which is equal to the diameter or thickness of 
the specimen. 

(c) Nick-bend Tests . — The test specimen, when nicked 25 per cent around for round bars, 
and along one side for flat bars, with a tool having a 60-dcg. cutting edge, to a depth of not less 
than 8 nor more than 16 per cent of the diameter or thickness of the specimen, and broken, shall 
not show more than 10 per cent of the fractured surface to be crystalline. 

id) Bend tests m^ be made by pressure or by blows. 

7. Etch Tests.* The cross-section of the test specimen shall be ground or polished, and etched 
for a sufficient period to develop the structure. This test shall show the material to be free from 
steel. 

*A solution of two parts water, one part concentrated hydrochloric acid, and one part con- 
centrated sulphuric acia is recommended for the etch test. 

607 



608 


ENGINEERING MATERIALS. 


Chap. XV. 


8. Test Specimens, (a) Tension and bend test specimens shall be of the full section of 
material as rolled, if possible. Otherwise, the specimens shall be machined from the material 
as rolled; the axis of the specimen shall be located at any point one-half the distance from the 
center to the surface of round bars, or from the center to the edge of flat bars, and shall be parallel 
to the axis of the bar. 

(6) Etch test specimens shall be of the full section of material as rolled. 

9. Number of Tests, (a) All bars of one size shall be piled separately. One bar from each 
100 pr fraction thereof will be selected at random and tested as specified. 

(b) If any test specimen from the bar originally selected to represent a lot of material, contains 
surface defects not visible before testing but visible after testing, or if a tension test specimen 
breaks outside the middle third of the gage length, one retest from a diiTcrcnt bar will be allowed. 

III. PERMISSIBLE VARIATIONS IN GAGE. 

10. Permissible Variations, (a) Round bars shall conform to the standard limit gages adopted 
by the Master Car Builders’ Association in 1883, revised in 1911. 

(b) The width or thickness of flat bars shall not vary more than 2 per cent from that specified. 

IV. FINISH. 

11. Finish. The bars shall be smoothly rolled and free from slivers, depressions, seams, 
crop ends, and evidences of being burnt. 

V. INSPECTION AND REJECTION. 

12. Inspection, (a) The inspector representing the purchaser shall have free entry, at all 
times while work on the contract of the purchaser is being performed, to all parts of the manu- 
facturer’s works which concern the manufacture of the material ordered. The manufacturer 
shall afford the inspector, free of cost, all reasonable facilities to satisfy him that the material is 
being furnished in accordance with these sp>ecifications. Tests and insjxjction at the place of 
manufacture shall be made prior to shipment. 

(b) The purchaser may make the tests to govern the acceptance or rejection of material in 
his own laboratory or elsewhere. Such tests, however, shall be made at the expense of the purchaser. 

13. Rejection. All bats of one size will be rejected if the test specimens representing that 
size do not conform to the requirements specified. 


STANDARD SPECIFICATIONS FOR WROUGHT-IRON PLATES 

OF THE 

AMERICAN SOCIETY FOR TESTING MATERIALS. 

Adopted August 25, 1913; Revised 1918. 

1. Classes. These specifications cover two classes of wrought-iron plates, namely: 

Class A, as defined in 5^ction 2 (b); 

Class B, as defined in Section 2 (c). 

1. MANUFACTURE. 

2. Process, (a) All plates shall be rolled from piles entirely free from any admixture of steel. 
(h) Piles for Class A plates shall be made from puddle bars made wholly from pig iron and 

such scr^ as emanates from rolling the plates. 

(c) riles for Class B plates shall be made from puddle bars made wholly from pig iron or 
from a mixture of pig iron and cast-iron scrap, together with wrought-iron scrap. 

11. PHYSICAL PROPERTIES AND TESTS. 

3. Tension Tests, (a) The plates shall conform to the following minimum requirements as 
to tensile properties: 

(6) The yield point shall be determined by the drop of the beam of the testing machine. 
The speed of the cross-head of the machine shall not exce^ i in. per minute. 



SPECIFICATIONS FOR WROUGHT-IRON PLATES. 


609 


Properties Considered. 

Class A. 

Class B. 1 

6 In. to 24 In., 
Incl., 
in Width. 

Over 24 In. 
to 90 In., Inch, 
in Width. 

6 In. to 24 In., 
Inch, 
in Width. 

Over 24 In. 
to 90 In., Inch, 
in Width. 

Tensile strength, lb. per sq. in 

49.000 

26.000 

16 

48.000 

26.000 

12 

48.000 

26.000 

14 

47,000 

26,000 

10 

Elastic limit, lb. per sq. in 

Elongation in 8 in., per cent 



4. Modifications in Elongation. For plate? under in. in thickness, a deduction of i from 
the percentages of elongation specified in Section 3 shall be made for each decrease of -fs in. in 
thickness below A in. 

5. Bend Tests, (a) Cold-hend 'fests . — The test specimen shall bend cold through 90 deg. 
without fracture on the outside of the bent portion, as follows: For Class A plates, around a pin 
the diameter of which is equal to i j times the thickness of the specimen; and for Class B plates, 
around a pin the diameter of which is equal to 3 times the thickness of the specimen. 

(h) Nick-bend Tc'its . — The test specimen, when nicked on one side and broken, shall show 
for Class A plates a wholly filirous fracture, and for Class B plates, not more than 10 per cent of 
the fractured surface to be crystalline. 

6. Test Specimens. Tension and bend test specimens shall be taken from the finished plates 
and shall be of the full thickness of plates as rolled. The longitudinal axis of the specimen shall 
be parallel to the direction in which the plates arc rolled. 

7. Number of Tests, (a) One tension, one cold-bend and one nick-bend test shall be made 
for each variation in thickness of J in. and not less than one test for every ten plates as rolled. 

(6) If any test sjK'cimen fails to conform to the requirements sj>ecificd through an apparent 
local defect, a retest shall be taken; and should the retest fail, the plates represented by such test 
shall be rejected. 

III. FINISH. 

8. Finish. The plates shall be straight, smooth and free from cinder spots and holes, and 
free from injurious flaws, buckles, blisters, seams and laminations. 


IV. MARKING. 


9. Marking. 

chaser. 


The plates shall be stamped or otherwise marked as designated by the pur- 

V. INSPECTION AND REJECTION. 


10. Inspection, (a) The inspector representing the purchaser shall have free entry at all 
times while work on the contract of the purchaser is being performed, to all parts of the manu- 
facturer’s w’orks which concern the manufacture of the plates ordered. The manufacturer shall 
afford the insix:ctor, free of cost, all reasonable facilities to satisfy him that the plates are being 
furnished in accordance with these specifications. Tests and inspection at the place of manu- 
facture shall be made prior to shipment. 

ib) The purchaser may make the tests to govern the acceptance or rejection of plates at his 
own lalx)ratory or elsewhere. Such tests, however, shall be made at the expense of the purchaser. 

(c) All tests and inspection shall be so conducted as not to interfere unnecessarily with the 
operation of the works. 

11. Rejection. Unless otherwise specified, any rejection based on tests made in accordance 
with Section 10 {b) shall be reported within five working days from the receipt of samples. 

12. Rehearing, ^mples tested in accordance with Section 10 (6), which represent rejected 
plates, shall be preserved for two weeks from the date of the test report. In case of dissatisfaction 
with the results of the tests, the manufacturer may make claim for a rehearing within that time. 


STEEL. — The three principal methods for the manufacture of steel arc (i) the crucible 
process, (2) the Bessemer process, and (3) the ojx^n-hearth process. The crucible process is used 
for making tool steel. The Bessemer process is used for making structural steel, but on account 
of its requiring a high grade ore for a satisfactory steel, and the difficulty of control, it is now 
practically replaced by the open-hearth process. The following description of the methods of 
manufacture of steel is taken from Kent’s ‘‘ Mechanical Engineer’s Pocket-Book,” page 451, 8th 
Edition, 1910. 
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The Manufacttire of Steel. — Cast steel is a malleable alloy of iron, cast from a fluid mass. 
It is distinguished from cast iron, which is not malleable, by being much lower in carbon, and from 
wrought iron, which is welded from a pasty mass, by being free from intermingled slag. Blister 
steel is a highly carbonized wrought iron, made by the “ cementation ” process, which consists 
in keeping wrought-iron bars at a red heat for some days in contact with charcoal. Not over 2 
per cent of C is usually absorbed. The surface of the iron is covered with small blisters, supposedly 
due to the action of carbon on slag. Other wrought steels were formerly made by direct processes 
from iron ore, and by the puddling process from wrought iron, but these steels are how replaced 
by cast steels. Blister steel is, however, still used as a raw material in the manufacture of crucible 
steel. Case-hardening is a process of surface cementation. 

Crucible Steel is commonly made in pots or crucibles holding about 8o pounds of metal. 
The raw material may be steel scrap; blister steel bars; wrought iron with charcoal; cast iron with 
wrought iron or with iron ore; or any mixture that will produce a metal having ihe desired chemical 
constitution. Manganese in some form is usually added to prevent oxidation of the iron. Some 
silicon is usually absorbed from the crucible, and carbon also if the crucible is made of graphite 
and clay. The crucible l>eing covered, the steel is not affected by the oxygen or sulphur in the 
flame The quality of crucible steel depends on the freedom from objectionable elements, such as 
phosphorus, in the mixture, on the complete removal of oxide, slag and blowholes by “ dead- 
melting ” or “ killing ” before pouring, and on the kind and quantity of different elements which 
are added in the mixture, or after melting, to give particular qualities to the steel, such as carbon, 
manganese, chromium, tungsten and vanadium. 

Bessemer Steel is made by blowing air through a bath of melted pig iron. The oxygen of 
the air first burns away the silicon, then the carbon, and before the carbon is entirely burned away, 
begins to burn the iron. Spiegeleiscn or ferro- manganese is then added to deoxidize the metal 
and to give it the amount of carbon desired in the finished steel. In the ordinary or “ acid ” 
Bessemer process the lining of the converter is a silicious material, which has no effect on phos- 
phorus, and all the phosphorus in the pig iron remains in the steel. In the “ basic ” or Thomas 
and Gilchrist process the lining is of magnesian limestone, and limestone additions are made to the 
bath, so as to keep the slag basic; and the phosphorus enters the slag. By this process ores that 
were formerly unsuited to the manufacture of steel have been made available. 

Open-hearth Steel . — Any mixture that may be used for making steel in a crucible may also 
be melted on the open hearth of a Siemens regenerative furnace, and may be desiliconized and 
decarbonized by the action of the flame and by additions of iron ore, deoxidized by the addition 
of spiegeleisen or ferro-manganese, and recarbonized by the same additions or by pig iron. In the 
most common form of the process pig iron and scrap steel are melted together on the hearth, and 
after the manganese has been added to the bath it is tapped into the ladle. In the Talbot process 
a large bath of melted material is kept in the furnace, melted pig iron, taken from a blast furnace, 
is added to it, and iron ore is added which contributes its iron to the melted metal while its oxygen 
decarbonizes the pig iron. When the decarbonization has proceeded far enough, ferro-manganese 
is added to destroy iron oxide, and a portion of the metal is tapped out, leaving the remainder to 
receive another charge of pig iron, and thus the process is continued indefinitely. In the Duplex 
process melted cast iron is desiliconized in a Bessemer converter, and then run into an open 
hearth, where the steel-making operation is finished. 

The open-hearth process, like the Bessemer, may be cither acid or basic, according to the 
character of the lining. The basic process is a dephosphorizing one, and is the one most generally 
available, as it can use pig irons that are either low or high in phosphorus. 

Strength of Steel. — The properties most desired in steel are strength and ductility. Pure 
iron has a tensile strength of about 40,000 lb. per sq. in. and is very ductile. This strength is 
usually increased by the impurities found in steel. 

Carbon is the important impurity as it gives strength with the least decrease in ductility. 
Campbell states that each o.oi per cent of carbon will increase the strength of acid open-hearth 
steel by 1000 lb. per sq. in., and of basic open-hearth steel by 770 lb. per sq. in. The maximum 
tensile strength of steel is reached with 0.9 to i.o per cent of carbon. 

Silicon has little effect on the strength of rolled steel, but in castings 0.3 to 0.4 per cent of 
silicon increases the tensile strength of steel castings and produces soundness. 

Sulphur has little effect on the strength of open-hearth steel, but it produces “ red-shortness,” 
and produces checks and cracks during the rolling or during the cooling of castings. 

Phosphorus increases the static strength of steel about 1000 lb. for each o.oi per cent of 
phosphorus. The increase in strength is obtained at a great loss in ductility and produces a steel 
that is brittle and unreliable. 
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Manganese when above 0.3 to 0.4 per cent increases the tensile strength of steel. The 
increase in strength above 0.4 per cent is about 300 lb. per sq. in. for acid open-hearth and 130 lb* 
per sq. in. for basic open-hearth steel for each additional o.oi per cent of manganese. 

From the above discussion it will be seen that if certain physical characteristics are required 
in a steel the manufacturer must be left free to vary part of the impurities. For example if a 
high grade structural steel with an ultimate tensile strength of 60,000 lb. per sq. in. is desired, the 
phospho-iis and sulphur may be limited in addition to the prescribed physical limits if the carbon 
is left oi)en. 

Formulas for Tensile Strength. — Campbell gives the following formulas for the strength of 
acid and basic open-hearth steels: 

For acid steel, Ultimate strength = 40,000 + 1000 C + 1000 P + X.Mn + R. 

For basic steel. Ultimate strength = 41,500 -f- 770 C + 1000 P -f- X.Mn R. 

In these formulas, C = o.oi per cent carbon, P = o.oi phosphorus, Mn = o.oi per cent 
manganese above 0.4 per cent for acid and above 0.3 per cent for basic steel, and R is a variable 
depending upon the heat treatment of the steel. The coefficient of Mn, X, varies as follows: 
For acid steel, for o.io per cent carbon, X = 80, and for 0.60 per cent carbon, X = 480 and pro- 
portional for intermediate values; while for basic steel, for 0.05 [kt cent carbon, X = no, and for 
0.40 per cent carbon, X = 250 and proportional for intermediate values. 

Special Steels. — The following special steels have been used. Nickel is used as an alloy for 
structural and other kinds of steel, the specifications for structural nickel steel of the American 
Society for Testing Materials require that there be not less than 3J per cent of nickel. Chrome 
^teel — carbon steel with about 0.5 per cent chromium — was used in the Eads bridge in 1871. Chro- 
mium is now used in combination with nickel, making Chromium-nickel steel; with vanadium, 
making Chromium-vanadium steel, and with both nickel and vanadium, making Chromium- 
nickel -vanadium steel. Copper steels are those having from i to 4 per cent of copper, carbon being 
less than I per cent. Manganese steel with from 6 to 12 per cent manganese is very tough and 
malleable. 

Specifications for Structural Steel. — The allowable 5=trcsses for structural steel are given in 
Table 1 and in the specifications of the American Society for Testing Materials which follow. 

Allowable Stresses in Steel and Iron. — The allowable stresses .‘or steel frame mill buildings are 
given in the '‘Specifications for Steel Frame Buildings,” in Chapter I. The allowable stresses 
for steel office buildings are given in the ‘‘Specifications for Steel Office Buildings,” in Chapter II. 
The allowable stresses for steel highway bridges arc given in the ‘‘Specifications for Steel Highw'ay 
Bridges,” in Chapter III. The allowable stresses for steel railway bridges are given in the ‘‘Speci- 
fications for Steel Railway Bridges,” in Chapter IV. The allowable stresses in steel bins are 
given in Chapter VIII. The allowable stresses for steel grain bins are given in Chapter IX. 
The allowable stresses in steel head frames and coal tipples are given in the ‘‘ Specifications for 
Steel Head Frames and C oal Tipples, Washers and Breakers ” in Chapter X. The allowable 
stresses in steel s(and-pijx*s and elevated tanks are given in the ‘‘ Specifications for Elevated 
Steel Tanks on Towers and for Stand-Pipes,” in Chapter XI. The allowable stresses for the 
steel and cast iron details in timber bridges are the same as for steel railway bridges given in 
Chapter IV. The allowable stresses in steel reinforcement are given at end of this chapter. 

Nickel Steel. — In a paper entitled ‘‘ Nickel Steel for Bridges ” by Mr. J. A. L. Waddell, in 
Trans. Am. Soc. C. E., Vol. 63, June 1909, the allowable unit stress in lb. per sq. in. for carlK>u 
steel is given as P ~ 18,000 — 70/ /r, and for nickel steel as P = 30,000 — i2o//r, where / is the 
length and r is the corresponding radius of gyration, both in inches. 

For a detail discussion of the manufacture of structural steel see ” The Making, Shaping and 
Treating of Steel,” by J. M. Camp and C. B. Francis, published by Carnegie Steel Company. 
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TABLE I. 

Strength Properties of Structural Steel and Iron — American Society for Testing 

Materials, Year Book, 1923. 


Tensile Strength 

Lb. Sq. In. 

Minimum Elongation, 

Per Cent. 

Ultimate. 

Elastic Limit. 

In 8 In. 

In 2 In. 


BRIDGES 

Structural Steel 55,000-65,000 i ultimate 

Rivet Steel 46,000-56,000 } ultimate 

BUILDINGS 

Structural Steel 55,000-65,000 J ultimate 

i 

Rivet Steel ! 46,000-56,000 J ultimate 

SHIPS I 

Structural Steel 58,000-68,000 i ultimate 

Rivet Steel ' 55,000-65,000 J ultimate 

BOILER AND RIVET STEEL | 

Flange Steel | 55,000-65.000 ^ ultimate 

I j 

Firebox Steel j 52,000-62,000 [ J ultimate 

Boiler Rivet Steel ! 45,000-55,000 j ^ultimate 

STRUCTURAL NICKEL STEEl! j 

Plates, Shapes and Bars : 85,000-100,000 50,000 

Eye-bars and rollers (unanncaled)* 95,000-110,000 55, 000 

Eye-bars and Pins (annealed). , . 90,000-105,000 52,000 

Rivet Steel 1 70,000-80,000 45,000 

BILLET-STEEL REINFORCEMENT BARS 

'Structural 55,000-70,000 33,000 

Plain ‘ 

, Hard 80,000 min. 50,000 


r Structural 55,000-70,000 

Deformed j 

I Hard 80,000 min. 

Cold Twisted recorded only 

RAIL STEEL REINFORCEMENT BARS 
Plain 1 80,000 

Deformed and Hot- twisted 80,000 

WROUGHT IRON 

Refined Bars 48,000 

Plates 47,000-49,000 

STEEL CASTINGS 

Hard 80,000 

Medium 70,000 

Soft 60,000 

GRAY IRON CASTINGS 

Light Castings 18,000 

Medium Castings 21,000 

Heavy Castings 24,000 

MALLEABLE CASTINGS 40,000 


/ LSOO>ooQ 22 
\ ultimate 

/ i ’-522^:29 

I ultimate 
/ ^ 400 , 00 Q 22 

I ultimate 

( l,.t.00,000 
I ultimate 
( 1,500000 
I ultimate 

/ **^ 22:222 
I ultimate 

/ 

I ultimate 

/ 

I ultimate 
/ L^ QQ^OQQ 
\ ultimate 

(not greater than 30) 
( 1,50 0.000 
1 ultimate 
/ L.SQO^ooo 16 

\ ultimate 

20 20 

I f 1,500,000 
\ ultimate 
/ L40 0,00Q 
\ ultimate 
/ L 200,000 
\ ultimate 
( 1,250,000 
\ ultimate 
I 1.000,000 i 
\ ultimate i 

5 1 


1 ,200,000 

ultimate 

1 ,000,000 

ultimate 


22 

10 to 16 



STANDARD SPECIFICATIONS FOR STRUCTURAL STEEL FOR BUILDINGS 


OF THE 

AMERICAN SOCIETY FOR TESTING MATERIALS. 

Adopted August 25, 1913; Revised 1921. 

1 . MANUFACTURE. 

I. Process, (a) Structural steel, except as noted in Paragraph (6), may be made by the 
Bessemer or the open-hearth process. 

(b) Rivet steel, and steel for plates or angles over J in. in thickness which are to be punched, 
shall be made by the open-hearth process. 


II. CHEMICAL PROPERTIES AND TESTS. 


2. Chemical Composition. 

chemical composition: 

Phosphorus 

Sulphur 


The steel shall conform to the following requirements as to 

Structural Steel. Rivet Steel. 

not over o.io per cent 

“ “ 0.06 “ not over 0.06 per cent 

“ 0.045 " 


3. Ladle Analyses. An analysis to determine the percentages of carbon, manganese, phos- 
phorus and sulphur shall be made by the manufacturer from a test ingot taken during the pouring 
of each melt, a copy of which shall be given to the purchaser or his representative. This analysis 
shall conform to the recjuirements specified in Section 2. 

4. Check Analyses. Analyses may be made by the purchaser from finished material re- 
presenting each melt, in which case an excess of 25 per cent above the requirements specified in 
Section 2 shall be allowed. 


III. PHYSICAL PROPERTIES AND TESTS. 

5. Tension Tests, (a) The material shall conform to the following requirements as to tensile 
properties: 


Properties Considered. 

Tensile strength, lb. per sq. in.. . . 
Yield point, min., “ “ 

Elongation in 8 in., min., per cent 

Fiengation in 2 in. “ 


Structural Steel. 

55,000-65,000 
0.5 tens. str. 
1,400,000^ 
Tens. str. 

22 


Rivet Steel. 


46,000-56,000 
0.5 tens. str. 
1.400,000 


Tens. str. 


^ See Section 6. 

(b) The yield point shall be determined by the drop of the beam of the testing machine. 

6. Modifications in Elongation, (a) For structural steel over | in. in thickness, a deduction 
from the percentage of elongation in 8 in. specified in Section 5 (a) of 0.25 per cent shall he made 
for each increase of 3*5 in. of the specified thickness above } in., to a minimum of 18 per cent. 

(b) For structural steel under A thickness, a deduction from the percentage of dona- 

tion in 8 in. specified in Section 5 (a) of 1.25 per cent shall be made for each decrease of in. 
of the specified thickness below A 

7. bend Tests, (a) The test specimen for plates, shapes and bars, except as specified in 
Paragraphs (b) and (c), shall bend cold through 180 deg. without cracking on the outside of the 
bent portion, as follows: For material J in. or under in thickness, flat on itself; for material over 
i in. to and including li in. in thickness, around a pin the diameter of which is equal to the thick- 
ness of the specimen; and for material over ij in. in thickness, around a pin the diameter of 
which is equal to twice the thickness of the specimen. 

(b) The I by i-in. test sj>ecimen for pins, rollers and other bars, when prepared as specified 
in Section 8, shall withstand being bent cold through 180 deg. around a pm i in. in diameter. 

(c) The test specimen for rivet steel shall bend cold through 180 deg. flat on itself without 
cracking on the outside of the bent portion. 
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8. Test Specimens, {a) Test specimens shall be prepared for testing from the material in 
its rolled or forged condition, except when it is specified to be annealed; in which case the test 
specimens shall be prepared from the material as annealed for use, or from a short length of a 
fuU section similarly treated, 

(6) Test specimens shall be taken longitudinally and, except as specified in Paragraphs (d), 
e) and (/) shall be of the full thickness or diameter of material as rolled, 

(c) Test specimens for plates, shapes and flats may be machined to the form and dimensions 
shown in Fig. i, or with both edges parallel. 

(d) Test specimens for plates over i J in. in thickness may be machined to a thickness or 
diameter of at least } in. for a length of at least 9 in. 


— -About 3*- 



not less than 9 







8*- > 



I 

< 


' About 18 


Fio. 1. 

(r) Test specimens for bars over ij in. in thickness or diameter may be machined to a thick- 
ness or diameter of at least J in. for a length of at least 9 in.; or tension test specimens may 
conform to the dimensions shown in Fig. 2, in which case the ends shall be of a form to fit the 
holders of the testing machine in such a way that the load shall be axial. Bend test specimens 
may be i by i in. in section. 

(/) Tension test specimens for pins and rollers shall conform to the dimensions shown in 
Fig. 2. In this case, the ends shall be of a form to fit the holders of the testing machine in such 
a way that the load shall be axial. Bend test specimens shall be i by i in. in section. 

(g) The tension test specimen shown in Fig. 2 and the i by §-in. bend test specimen for pins 
and rollers shall be taken so that the axis is i in. from the surface; and for other bars over i J in, 
in thickness or diameter, midway between the center and surface. 



•Iioim. hot the cads may be of anj form which will 111 the 
holders of iho Uotiag wierhioe. 


FlO. 2. 


(h) The machined sides of rectangular bend test specimens may have the corners rounded 
to a radius not over A in- 

(i) Test specimens for rivet bars which have been cold drawn shall be normalized before 
testing. 

9 Number of Tests, (n) One tension and one bend test shall be made from each melt; 
except that if material from one melt differs"} in. or more in thickness, one tension and one bend 
test shall be made from both the thickest and the thinnest material rolled. 

(b) If any test specimen shows defective machining or develops flaws, it may be discarded 
and another specimen substituted. 

(c) If the percentage of elongation of any tension test specimen is less than that specified 
in Se^ion 5 (a) and any part of the fracture is more than } in. from the center of the gage length 
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Permissible Variations in Average Weights per Square 
Foot of Plates for Widths Given, 

Expressed in Percentages of Ordered Weights. 


Ordered 

Weight, 

Lb. per 8 q. Ft. 

Under 
4S in. 

1 

48 to 
GO in , 
excl. 

GO to 
72 in , 

; excl. 

72 to 
84 in , 
excl. 

84 to 
9G in., 
excl. 

96 to 
108 in., 
excl. 

108 to 
120 in., 
excl. 

120 to 

132 in., 
excl. 

132 in. 
or 

over. 

Ordered 

Weight, 

Lb. per Sq. Ft. 

Under 5 

5 

3 

5-5 

3 

6 

3 

7 

13 






1 




Under 5 

5 to 7^5 e.\- 







' 



1 





S to 7.''5 ex- 

elusive .... 

TS 

3 

c 

3 

5-5 

3 

6 

3 











elusive 

7.5 to 10 ex- 







1 






7.5 to 10 ex- 

elusive .... 

4 

3 

4-5 

3 

a 

3 

5.5 

3 

6 

3 

7 

3 

8 

3 





elusive 

10 to 12.5 ex- 














10 to 12.5 ex- 

elusive .... 

3-5 

2.5 

4 

3 

4-5 

3 

5 

3 

5-5 

3 

6 

3 

7 

3 

8 

3 

9 

3 

elusive 

12.5 to 15 e.x- 




1 















12.5 to 15 ex- 

elusive. . . . 

3 

2.5 

3.5 

2 -S 4 

3 

4-5 

3 

5 

3 

5.5 

3 

6 

3 

7 

3 

8 

3 

elusive 

15 to 17.5 ex- 



1 


1 








1 






15 to 17-5 ex- 

clusive .... 

2-5 

2.S 

3 

2.5 

3-5 

2.5 

4 

3 

4-5 

3 ' 

5 

3 

5-5 

3 

6 

3 

7 

1 3 

clusive 

17.5 to 20 ex- 



















17.5 to 20 ex- 

clusive .... 

2.5 

2 

2.5 

2.5' 

3 

2.5 

3-5 

2-5 

4 

3 

4-5 

3 

5 

3 

5-5 

3 

6 

3 

clusive 

20 to 25 ex- 




i 





1 










20 to 25 ex- 

clusive .... 

2 

2 

2.5 

2 ’ 

2.5 

2.5 

3 

2.5 

3-5 

2.5 

4 

3 

4-5 

3 

5 

3 

5.5 

3 

clusive 

25 to 30 ex- 

1 


















25 to 30 ex- 

clusive .... 

2 

2 

'i 

2 

2.5 

2 

2.5 

2.5 

3 

2.5 

3-5 

3 

4 

3 

4.5 

3 

5 

3 

clusive 

30 to 40 e.x- 











1 








30 to 40 ex- 

elusivc .... 

2 

2 

2 

2 

2 

2 

2-5 

2 

2.5 

2.5 

3 

2.5 

3*5 

3 

4 

3 

4.5 

3 

clusive 

40 or over 

2 

2 

2 

2 

2 

2 

2 

1 2 

.I:? 

2 

2.5 

2.5 

.3__ 

‘ 2.5 3.5 

_3... 

_ 4 . 


40 or over 


Note. — The weight per square foot of individual plates shall not vary from the ordered weight 
by more than i J times the amount given in this table. 


Table II. 


Pehmishihle OvEinvEKJHTs OF Plates Ordered to Thickness. 


Ordered 

Thickness, 

in. 

Pi'rmlssible Fxces.s in Average Weights per 

S<iuare Foot of Plate.s for Widths Given, 

Expre.sscd in Percentages of Nominal Weights. 

Ordered 

Thickness, 

in. 

Under 
4S in. 

48 to 
60 in . 
excl. 

GO to 
72 in , 
excl. 

72 to 
84 in , 
cxcl 

84 to 
96 in , 
cxcl. 

96 to 
108 in , 
excl. 

108 to 
120 in , 
excl 

120 to 
132 in , 
cxcl. 

132 in 
or 

over. 

Under i 

9 

10 

12 

14 






Under 1 

i to cxcl. 

8 

9 

10 

12 






J to A excl. 

A “ i “ 

7 

8 

9 

10 

12 





A “ j 


i “A “ 

6 

7 

8 

9 

10 

12 

14 

16 

19 

K u 


A “ i “ 

5 

6 

7 

8 

9 

10 

12 

14 

17 

A 


i “ A “ 

4-5 

5 

6 

7 

8 

9 

10 

12 

15 

i “ 

A “ 

A “ 1 “ 

4 

45 

5 

6 1 

7 

8 

9 

10 

13 

^ 1 


i “ 1 “ 

3-5 

4 

4-5 

5 

6 

7 

8 

9 

II 

i “ 


1 “ i “ 

3 

3.5 

4 

4-.? 

5 

6 

7 

8 

9 

i “ 


} “ I " 

2.5 

3 

3-5 

4 

4.5 

5 

6 

7 

8 

f " 1 

I or over 


*5 

3 

3-5 

4 

4-5 

S 

6 

7 

I or over 
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of a 2-in. sp^imen or is outside the middle third of the gage length of an 8-in. specimen, as indi- 
cated by scribe scratches marked on the specimen before testing, a retest shall be allowed. 

IV. PERMISSIBLE VARIATIONS IN WEIGHT AND THICKNESS. 

10. Permissible Variations. The cross-section or weight of each piece of steel shall not vary 
more than 2.5 per cent from that specified; except in the case of sheared plates, which shall be 
covered by the following permissible variations. One cubic inch of rolled steel is assumed to 
weigh 0.2833 lb- 

(a) When Ordered to Weight per Square Foot: The weight of each lot ^ in each shipment shall 
not vary from the weight orderea more than the amount given in Table I. 

(h) When Ordered to Thickness: The thickness of each plate shall not vary more than o.oi in. 
under that ordered. 

The overweight of each lot ^ in each shipment shall not exceed the amount given in Table II. 


V. FINISH. 


II. Finish. The finished material shall be free from injurious defects and shall have a 
workmanlike finish. 


VI. MARKING. 


12. Marking. The name or brand of the manufacturer and the melt number shall be legibly 
stamped or rolM on all finished material, except that rivet and lattice bars and other small 
sections shall, when loaded for shipment, be properly separated and marked for identification. 
The identification marks shall be legibly stamped on the end of each pin and roller. The melt 
number shall be legibly marked, by stamping if practicable, on each test specimen. 


VII. INSPECTION AND REJECTION. 

13. Inspection. The inspector representing the purchaser shall have free entry, at all times 
while work on the contract of the purchaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the material ordered. The manufacturer shall afford 
the inspector, free of cost, all reasonable facilities to satisfy him that the material is being furnished 
in accordance with these specifications. All tests (except check analyses) and inspection shall be 
made at the place of manufacture prior to shipment, unless otherwise specified, and shall be so 
conducted as not to interfere unnecessarily with the operation of the works. 

14. Rejection, (a) Unless otherwise specified, any rejection based on tests made in ac- 
cordance with Section 4 shall be reported within five working days from the receipt of samples. 

(b) Material which shows injurious defects subsequent to its acceptance at the manufacturer’s 
works will be rejected, and the manufacturer shall be notified. 

15. Rehearing. Samples tested in accordance with Section 4, which represent rejected 
matenal, shall be preserved for two weeks from the date of the test report. In case of dissatis- 
faction with the results of the tests, the manufacturer may make claim for a rehearing within that 
time. 

^ The term lot ” applied to Table I and Table II means all of the plates of each group 
width and group weight. 



STANDARD SPECIFICATIONS FOR STRUCTURAL STEEL FOR BRIDGES 


OF THE 

AMERICAN SOCIETY FOR TESTING MATERIALS. 

Adopted 1901; Revised 1921. 

1, Steel Castings. The Standard Specifications for Steel Castings adopted by the American 
Society for Testing Materials, shall govern the purchase of steel castings for bridges. Unless 
otherwise specified, Class B castings, medium grade, shall be used. 

1 . MANUFACTURE. 

2. Process. The steel shall be made by the open-hearth process. 


11 . CHEMICAL PROPERTIES AND TESTS. 


3. Chemical Composition, 
chemical composition: 

Phosphorus I • • 

Sulfur 


The steel shall conform to the following requirements as to 


Structural Steel. 


Rivet Steel. 


not over 0.06 
“ “ 004 

“ “ 0.05 


not over 0.04 per cent 
“ “ 0.04 '* 

“ “ 0.045 “ 


4. Ladle Analyses. An analysis of each melt of steel shall be made by the manufacturer 
to determine the percentages of carbon, manganese, phosphorus and sulfur. This analysis shall 
be made from a test ingot taken during the fX)uring of the melt. The chemical composition thus 
determined shall be reported to the purchaser or his representative, and shall conform to the 
requirements specifiefl in Section 3. 

5. Check Analyses. Analyses may be made by the purchaser from finished material repre- 
senting each melt. The phosphorus and sulfur content thus determined shall not exceed that 
specified in Section 3 by more than 25 per cent. 


III. PHYSICAL PROPERTIES AND TESTS. 

6. Tension Tests, (a) The material shall conform to the following requirements as to 
tensile properties: 


Properties Considered. 

Structural Steel. 

Rivet Steel. 

Tensile strength, Ib. per sq. in 

Yield point, min*., “ “ 

Elongation in 8 in., min., per cent 

Elongation in 2 in., ** ** 

55,000-65,000/* 

0.5 tens. str. 
1,500,000** 

Tens. str. 

22 

46,000-56,000 

0.5 tens. str. 
1,500,000 

Tens. str. 




* See Paragraph (b), 
^ See Section 7. 


(6) In order to meet the required minimum tensile strength of full-size annealed eyebars, 
the purchaser may determine the tensile strength to be obtained in specimen tests; the range 
shall not exceed 14,000 lb. per sq. in., and the maximum shall not exceed 74,000 lb. per sq. in. 
The material shall conform to the requirements as to physical properties other than that of tensile 
strength, specified in Sections 6, 7 and 8 (6). 

(c) The yield point shall be determined by the drop of the beam of the testing machine. 

7. Modincations in Elongation, (a) For structural steel over } in. in thickness or diameter, 
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a deduction from the p^centage of elongation in 8 in. specified in Section 6 (a) of 0.25 per cent 
shall be made for each increase of A in. of the specified thickness or diameter above } in,, to a 
minimum of 18 per cent. 

(b) For structural steel under A i*' thickness or diameter, a deduction from the per- 
centage of elongation in 8 in. specific in Section 6 (a) of 1.25 per cent shall be made for each 
decrease of in. in thickness or diameter below ^ in. 

8. Bend Tests, (a) The test specimen for plates, shapes, and bars, except as specified in 
Paragraphs (b), (c) and (d), shall bend cold through 180 deg. without cracking on the outside of 
the bent portion, as follows: For material J in. or under in thickness, flat on itself; for material 
over i in. to and including i J in. in thickness, around a pin the diameter of which is equal to the 
thickness of the specimen; and for material over i\ in. in thickness, around a pin the diameter 
of which is equal to twice the thickness of the specimen. 


— About S"-* 



/ 

^ ^Parallel section 



not less than 9 





1 ; 



.1/;. 

^ 1 * Vti' 



^ 8 *‘ >* 

About 18 * 



Fio. 1 . 


(b) The test specimen for eyebar flats shall bend cold through 180 deg. without cracking on 
the outside of the bent portion as follows: For material J in. or under in thickness, around a 
pin the diameter of which is equal to the thickness of the sp)ecimen; for material over J in. to 
and including li in. in thickness, around a pin the diameter of which is equal to twice the thickness 
of the specimen; and for material over ij in. in thickness, around a pin the diameter of which 
is equal to three times the thickness of the specimen. 

(c) The I by J-in. test specimen for pins, rollers and other bars, when prepared as specified 
in Section 9, shall bend cold through 180 deg. around a pin i in. in diameter without cracking 
on the outside of the bent portion. 

(d) The test sp^imen for rivet steel shall bend cold through 180° flat on itself without 
craclang on the outside of the bent portion. 


-aVv- 


1 

Radius not less than H ; ^ 


-i 

- 

R * 

f ^ 


H 




• 2 Gaffe Icuffth— * 

^OTE: — The ffem lenfftli. iwrallel portiona and llUets shall be 
shown, bat the ends may be of any form which will fit i 
holders of the testinff machine. 


Fio. 2. 

9. Test Specimens, (a) Test specimens shall be prepared for testing from the material in 
its rolled or forged condition, except when it is specific to be annealed; in which case the test 
specimens shall be prepared from the material as annealed for use, or from a short length of a 
full section similarly treated, 

(6) Test specimens shall be taken longitudinally and, except as specified in Paragraphs (d), 

(e) and (0 shall be of the full thickness or diameter of material as rolled. 

(c) Test specimens for plates, shapes and flats may be machined to the form and dimensions 
shown in Fig. i, or with both edges parallel; except that bend test specimens for eyebar flats 
may have tm'cc rolled sides. 
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{d) Tension test specimens for plates and eyebar flats over i J in. in thickness, and bend test 
specimens for plates over i\ in. in thickness may be machined to a thickness or diameter of at 
least } in. for a length of at least 9 in. 

(e) Test specimens for bars over i J in. in thickness or diameter may be machined to a thick- 
ness or diameter of at least J in. for a length of at least 9 in.; or tension test specimens may 
conform to the dimensions shown in Fig. 2, in which case the ends shall be of a form to fit the 
holders of the testing machine in such a way that the load shall be axial. Bend test specimens 
may be i by i in. in section. 

(/) Tension test specimens for pins and rollers shall conform to the dimensions shown in 
Fig. 2. In this case, the ends shall be of a form to fit the holders of the testing machine in such 
a way that the load shall be axial. Bend test specimens shall be i by | in. in section. 

(g) The tension test specimen shown in Fig. 2 and the i by i-in. bend test specimen for pins 
and rollers shall be taken so that the axis is i in. from the surface; and for other bars over in. 
in thickness or diameter, midway between the center and surface. 

{h) The machined sides of rectangular bend test specimens may have the corners rounded 
to a radius not over ^ in. 

(i) Test specimens for rivet bars which have been cold drawn shall be normalized before 
testing. 

10. Number of Tests, (a) One tension and one bend test shall be made from each melt; 
except that if material from one melt differs J in. or more in thickness, one tension and one bend 
test shall be made from both the thickest and the thinnest material rolled. 

(6) If any test specimen shows defective machining or develops flaws, it may be discarded 
and another specimen substituted. 

(c) If the percentage of elongation of any tension test specimen is less than that specified 
in Section 6 (a) and any part of the fracture is more than 4 in. from the center of the gage length 
of a 2-in. specimen or is outside the middle third of the gage length of an 8-in. specimen, as indicated 
by scribe scratches marked on the specimen before testing, a retest shall be allowed. 


IV. PERMISSIBLE VARIATIONS IN WEIGHT AND THICKNESS. 


n. Permissible Variations, The cross-section or weight of each piece of steel shall not 
vary more than 2.5 per cent from that specifietl; except in the case of sheared plates, which shall 
be covcrcHd by the following permissible variations. One cubic inch of rolled steel is assumed 
to weigh 0.2833 lb. 

(a) When Ordered to Weight per Square Foot: The weight of each lot^ in each shipment shall 
not vary from the weight ordered more than the amount given in Table I, see p. 615. 

{b) When Ordered to Thickness: The thickness of each plate shall not vary more than o.oi in. 
under that ordered. 

The overweight of each lot ^ in each shipment shall not exceed the amount given in Table II, 
see p. 615. 

V. FINISH. 


12. Finish. The finished material shall be free from injurious defects and shall have a 
workmanlike finish. 


VI. MARKING. 


13. Marking. The name or brand of the manufacturer and the melt number shall be legibly 
stamped or rolled on all finished material, except that rivet and lattice bars and other small 
sections shall, when loaded for shipment, be properly separated and marked for identification. 
The identification marks shall be legibly stamjied on the end of each pin and roller. The melt 
number shall be legibly marked, by stamping if practicable, on each test specimen. 


VII. INSPECTION AND REJECTION. 

14. Inspection. The inspector representing the purchaser shall have free entry, at all times 
while work on the contract of the purchaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the material ordered. The manufacturer shall afford 
the inspector, free of cost, all reasonable facilities to satisfy him that the material is being furnished 
in accordance with these specifications. All tests (except check analyses) and inspection shall be 
made at the place of manufacture prior to shipment, unless otherwise specified, and shall be so 
conducted as not to interfere unnecessarily with the operation of the works. 

15. Rejection, (a) Unless otherwise specified, any rejection based on tests made in accord- 
ance with S^tion 5 shall be reported within five working days from the receipt of samples. 

(b) Material which shows injurious defects subsequent to its acceptance at the manufacturer’s 
works will be rejected, and the manufacturer shall be notified. 

16. Rehearing. Samples tested in accordance with Section 5, which represent reject^ 
material, shall be preserv^ for two weeks from the date of the test report. In case of dissatis- 
faction with the results of the tests, the manufacturer may make claim for a rehearing within that 
time. 



STANDARD SPECIFICATIONS FOR STRUCTURAL NICKEL STEEL 

OF THE 

AMERICAN SOCIETY FOR TESTING MATERIALS. 

Adopted August 25, 1912; Revised 1921. 

1 . MANUFACTURE. 

1. Process. The steel shall be made by the open-hearth process. 

2. Discard. A sufficient discard shall be made from each ingot intended for eye-bars to 
secure freedom from injurious piping and undue segregation. 


II. CHEMICAL PROPERTIES AND TESTS. 


3. Chemical Composition. 

rhemical composition: 

Carbon 

Manganese 

Phosphorusj A^f • • • ■ 

Sulphur 

Nickel 


The steel shall conform to the following requirements as to 

Structural Steel. Rivet Steel. 

not over 0.45 not over 0.30 per cent 

“ “ 0.70 “ “ 0.60 

“ “ 0.05 “ “ 0.04 

“ 0.04 “ “ 0.03 

“ “ 0.04 “ “ 0.045 

not under 3.25 not under 3.25 


4. Ladle Analyses. An analysis shall be made by the manufacturer from a test ingot taken 
during the pouring of each melt. A copy of this analysis shall be given to the purchaser or his 
representative. This analysis shall conform to the requirements specified in Section 3. 

5. Check Analyses. A check analysis may be made by the purchaser from finished material 
representing each melt, and this analysis shall conform to the requirements specified in Section 3. 


III. PHYSICAL PROPERTIES AND TESTS. 


6. Tension Tests, 
properties: 


(a) The steel shall conform to the following requirements as to tensile 
Tensile Ppoperties from Specimen Tests. 


Properties Considered. 

Rivets. 

Plates. Shapes 
and Bars. 

Eye- Bars and Rol- 
lers/ Unannealed. 

Eye- Bars® and 
Pins/ Annealed. 

90,000-105,000 

52,000 

20 

20 

35 

Tensile strength, lb. per sq. in.. . 
Yield point, min., lb. per sq. in. . 

Elongation in 8 in., min., per cent. 

Elongation in 2 in., min., per cent. 
Reduction of area min., per cent.. 

70,000-80,000 

45,000 

1,500,000 
Tens. Str. 

40 1 

85,000-100,000 
50,000 
1,500,000* 
Tens. Str. 

25 

95,000-1 10,000 
55,000 
1,500,000* 
Tens. Str. 

16 

25 


* Tests of annealed specimens of eye-bars shall be made for information only. 

* See S xtion 7. 

* Elongation shall be measured in 2 in. 

(b) The yield point shall be determined by the drop of the beam of the testing machine. 

7. Modificatioi^ in Elongation. For plates, shapes, and unannealed bars over i in. in 
thickness, a deduction from the percentage of elongation specified in Section 6 of 0.25 per 
cent shall be made for each increase of ^ in. of the specified thickness above i in., to a minimum 
of 14 per cent. 

8. Character of Fracture. All broken tension test specimens shall show either a silky or a 
very fine granular fracture, of uniform color, and free from coarse crystals. 

9. Bend Testa, (a) The test specimen for plates, shapes and bars shall bend cold through 
180 deg. without cracking on the outside of the bent portion, as follows: For material J in, or 
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under 4 n thickness, around a pin the diameter of which is equal to the thickness of the specimen; 
and for material over j in. in thickness, around a pin the diameter of which is equal to twice the 
thickness of the specimen. 

(6) The test specimen for pins and rollers shall bend cold through i8o deg. around a pin 
I in. in diameter without cracking on the outside of the bent portion. 

(c) The test specimen for rivet steel shall bend cold through i8o deg. flat on itself without 
cracking on the outside ot the bent portion. 

10. Drifts Tests. Punched rivet holts pitched two diameters from a planed edge shall 
stand drifting until the diameter is enlarged 50 per cent, without cracking the metal. 

11. Test Specimens, (a) Test specimens shall be prepared for testing from the material in 
its rolled or forged condition, except when it is specified to be annealed; in which case the test 
specimens shall be prepared from the material as annealed for use, or from a short length of a 
full section similarly treated. 

(b) Test specimens shall be taken longitudinally and, except as specified in Paragraphs (d), 
{e) and (/) shall be of the full thickness or diameter of material as rolled. 

(c) Test specimens for plates, shapes and flats may be machined to the form and dimensions 
shown in Fig. i, or with both edges parallel; except that bend test specimens for eyebar flats 
may have three rolled sides. (P'or Fig. i, see p. 618.) 

(d) Tension test specimens for plates and eyebar flats over 1} in. in thickness, and bend test 
specimens for plates over i J in. in thickness may be machined to a thickness or diameter of at 
least i in. for a length of at least 9 in. 

(e) Test specimens for bars over i i in. in thickness or diameter may be machined to a thick- 
ness or diameter of at least } in. for a length of at least 9 in.; or tension test specimens may conform 
to the dimensions shown in Fig. 2, in which case the ends shall be of a form to fit the holders of 
the testing machine in such a way that the load shall be axial. Bend test specimens may be 
I by i in. in section, (h'or Fig. 2, see p. 618.) 

if) Tension test specimens for pins and rollers shall conform to the dimensions shown in 
Fig. 2. In this case, the ends shall be of a form to fit the holders of the testing machine in such 
a way that the load shall be axial. Bend test specimens shall be i by ^ in. in section. 

(^) The tension test specimen shown in Fig. 2 and the i by 5 -in. bend test specimen for pins 
and rollers shall be taken so that the axis is i in. from the surface; and for other bars over ij in. 
in thickness or diameter, midway between the center and surface. 

{h) The machined sides of rectangular bend test specimens may have the corners rounded 
to a radius not over in. 

(f) Test specimens for rivet bars which have been cold drawn shall be normalized before 
testing. 

12. Niunber of Tests, (a) One tension and one bend test shall be made from each melt; 
except that if material from one melt differs } in. or more in thickness, one tension and one bend 
test shall be made from both the thickest and the thinnest material rolled. 

(b) If any test specimen shows defective machining or develops flaws, it may be discarded 
and another si)ecimen substituted. 

(c) If the percentage of elongation of any tension test specimen is less than that specified 
in Section 6 (a) and any part of the fracture is more than J in. from the center of the ga^e length 
of a 2-in. specimen or is outside the middle third of the gage length of an 8-in. specimen, as indicated 
by scribe scratches marked on the sp>ccimen before testing, a retest shall be allowed. 


IV. PERMISSIBLE VARIATIONS IN WEIGHT AND THICKNESS. 

13. Permissible Variations. The cross-section or weight of each piece of steel shall not vary 
more than 2.5 per cent from that specified; except in the case of sheared plates, which shall be 
covered by tne following permissible variations. One cubic inch or rolled steel is assumed to 
weigh 0.2833 lb. 

(a) When Ordered to Weight per Square Foot: The weight of each lot ^ in each shipment 
shall not vary from the weight ordered more than the amount given in Table 1 , sec p. 615. 

(/?) When Ordered to Thickness: The thickness of each plate shall not vary more than o.oi in. 
under that ordered. 

The overweight of each lot * in each shipment shall not exceed the amount given in Table II, 
see p. 615. 

V. FINISH. 

14. Finish. The finished material shall be free from injurious defects and shall have a 
workmanlike finish. 


‘ The term “ lot applied to Table I means all of the plates of each group width and group 
weight. 

• The term lot *’ applied to Table II means all of the plates of each group width and grouo 
thickness. 
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VI. MARKING. 

15. Marking. The name or brand of the manufacturer and the melt number shall be legibly 
stamps or rolled on all finished material, except that rivet and lattice bars and other small sections 
shall, when loaded for shipment, be properly separated and marked for identification. The 
identification marks shall be legibly stamped on the end of each pin and roller. The melt number 
shall be legibly marked, by stamping if practicable, on each test specimen. 

VII. INSPECTION. 

16. Inspection. The inspector representing the purchaser shall have free entry, at all times 
while work on the contract of the purchaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the material ordered. The manufacturer shall afford 
the inspector, free of cost, all reasonable facilities to satisfy him that the material is being furnished 
in accordance with these specifications. All tests (except check analyses) and inspection shall be 
made at the place of manufacture prior to shipment, unless otherwise sjx^cified, and shall be so 
conducted as not to interfere unnecessarily with the operation of the works. 

17. Rejection, (a) Unless otherwise specified, any rejection based on tests made in accord- 
ance with Section 5 shall be reported within five working days from the receipt of samples. 

(b) Material which shows injurious defects subsequent to its acceptance at the manufacturer’s 
works will be rejected and the manufacturer shall be notified. 

18. Rehearing. Samples tested in accordance with Section 5, which represent rejected 
material, shall be preserv'ed for two weeks from the date of the test report. In case of dissatis- 
faction with the results of the tests, the manufacturer may make claim for a rehearing within that 
time. 

VIII. FULL SIZE TESTS. 

19. Tests of Eye-Bars, (a) Full size tests of annealed eye-bars shall conform to the following 


requirements as to tensile properties: 

Tensile strength, lb. per. sq. in 85,000-100,000 

Yield point, min., lb. per sq. in 48,000 

Elongation in 18 ft., min., per cent 10 

Reduction of area, min., per cent 30 


(b) The yield point shall be determined by the halt of the gage of the testing machine. 


STANDARD SPECIFICATIONS FOR BOILER RIVET STEEL 

OF THE 

AMERICAN SOCIETY FOR TESTING MATERIALS. 

Adopted August 25, 1913; Revised 1921. 

A, Requirements for Rolled Bars, 

1 . MANUFACTURE. 

1. Process. The steel shall be made by the open-hearth process. 

II . CHEMICAL PROPERTIES AND TESTS. 

2. Chemical Composition. The steel shall conform to the following requirements as to 
chemical composition: 

Manganese 0.30-0.50 per cent 

Phosphorus not over 0.04 “ 

Sulphur “ “ 0.045 “ 

3. Ladle Analyses. An analysis to determine the percentages of carbon, manganese, phos- 
phorus and sulphur shall be made by the manufacturer from a test ingot taken during the pouring 
of each melt, a copy of which shall be given to the purchaser or his representative. This analysis 
shall conform to the requirements specified in Section 2. 

4. Check Analyses. A check analysis may be made by the purchaser from finished material 
representing each melt, and this analysis shall conform to the requirements specified in Section 2. 

III. PHYSICAL PROPERTIES AND TESTS. 

5. Tenaloii Tests, (a) The bars shall conform to the following requirements as to ten^le 
properties: 
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Tensile strength, lb. per sq. in. . . . 
Yield point, min., lb. per sq. in.. . 

Elongation in 8 in., min., per cent 


45,000-55,000 

0.5 tens. str. 

1 ,500,000 
Tens. str. 

(But need not exceed 30 per cent) 


(b) The yield f)oint shall be determined by the drop of the beam of the testing machine. 

6. Bend Tests, (a) Cold-bend Tests , — The test specimen shall bend cold through 180 deg. 
flat on itself without cracking on the outside of the bent portion. 

(b) Quench-bend Tests , — The test sjxjcimen, when heated to a light cherry red as seen in the 
dark (not less than 1200° F.), and quenched at once in water the temix?rature of which is between 
80® and 90® F., shall bend through 180® flat on itself without cracking on the outside of the bent 
portion. 

7. Test Specimens, (a) Test specimens shall be of the full-size section of material as rolled. 

\b) Tension and ^nd test specimens for rivet bars which have been cold drawn shall be 

normalized before testing. 

8. Number of Tests, (a) Two tension, two cold-bend, and two quench-bend tests shall be 
made from each melt, each of which shall conform to the requirements specified. 

(6) If any test specimen develops flaws, it may be discarded and another specimen substituted. 

(c) If the percentage of elongation of any tension test specimen is less than that specified 
in Section 5 (a) and any part of the fracture is outside the middle thir 1 of the gage length, as 
indicated by scribe scratches marked on the specimen before testing, a retest shall be allowed. 


IV. PERMISSIBLE VARIATIONS IN GAGE. 

9. Permissible Variations. The gage of each bar shall not vary more than o.oi in. from that 
specified. 

V. WORKMANSHIP AND FINISH. 

10. Workmanship. The finished bars shall be circular within 0.01 in. 

11. Finish. The finished bars shall be free from injurious defects, and shall have a workman- 
like finish. 

VI. MARKING. 

12. Marking. Rivet bars shall, when loaded for shipment, be properly separated and marked 
with the name or brand of the manufacturer and the melt number for identification. The melt 
number shall be legibly marked, by stamping if practicable, on each test specimen. 


VII. INSPECTION AND REJECTION. 

13. Inspection. The inspector representing the purchaser shall have free entry, at all times 
while work on the contract of the purchaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the bars ordered. The manufacturer shall afford the 
inspector, free of cost, all reasonable facilities to satisfy him that the bars are being furnished in 
accordance with these specifications. All tests (except check analyses) and inspection shall be 
made at the place of manufacture prior to shipment, unless otherwise specified, and shall be so 
conducted as not to interfere unnecessarily with the operation of the works. 

14. Rejection, (a) Unless otherwise specified, any rejection based on tests made in accord- 
ance with Section 4 shall be reported within five working days from the receipt of samples. 

(b) Bars which show injurious defects subsequent to their acceptance at the manufacturer’s 
works will be rejected, and the manufacturer shall be notified. 

15. Rehearing. Samples tested in accordance with Section 4, which represent rejected bars, 
shall be preserved for two weeks from the date of the test report. In case of dissatisfaction wdth 
the results of the tests, the manufacturer may make claim for a rehearing within that time. 


B. Requirements for Rivets, 

1 . PHYSICAL PROPERTIES AND TESTS. 

16. Tension Tests. The rivets, when tested, shall conform to the requirements as to tensile 
properties specified in Section 5, except that the elongation shall be measured on a gage length not 
less than four times the diameter of the rivet. 

17. Bend Tests. The rivet shank shall bend cold through 180 degrees flat on itself without 
cracking on the outside of the bent portion. 

18. Flattening Tests. The rivet heads shall flatten, while hot, to a diameter 2} times the 
diameter of the shank without cracking at the edges. 

19. (a) When specified, one tension test shall be made from each size in each lot of rivets 
ofierM for inspecUon. 
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(b) Three bend and three flattening tests shall be made from each size in each lot of rivets 
offered for inspection, each of which shall conform to the requirements specified. 

II. WORKMANSHIP AND FINISH. 

20. Workmanship. Rivets shall be true to form, concentric, and shall be made in a work- 
manlike manner. 

21. Finish. The finished rivets shall be free from injurious defects. 

III. INSPECTION AND REJECTION. 

22. Inspection. The inspector representing the purchaser shall have free entry, at all times 
while work on the contract of the purchaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the rivets orderwl. The manufacturer shall afford the 
inspector, free of cost, all reasonable facilities to satisfy him that the rivets are being furnished in 
accordance with these specifications. All tests and inspection shall be made at the place of manu- 
facture prior to shipment, unless otherwise specified, and shall be so conducted as not to interfere 
unnecessarily with the operaj:ion of the works. 

23. Rejection. Rivets which show injurious defects subsequent to their acceptance at the 
manufacturer’s works will be rejected, and the manufacturer shall be notified. 


STANDARD SPECIFICATIONS FOR BILLET-STEEL REINFORCEMENT BARS 

, OF THE 

AMERICAN SOCIETY FOR TESTING MATERIALS. 

Adopted August 25, 1913; Revised 1914. 

1 . Classes, (a) These specifications cover three classes of billet-steel concrete reinforcement 
bars, namely: plain, deformed, and cold-twisted. 

(b) Plain and deformed bars are of three grades, namely: structural-steel, intermediate and 
hard. 

2. Basis of Purchase. . (a) The structural-steel grade shall be used unless otherwise sixicified. 
(b) If desired, cold-twisted bars may be purchased on the basis of tests of the hot-rolled bars 

tefore twisting, in which case such tests shall govern and shall conform to the requirements speci- 
fied for plain bars of structural steel grade. 

1 . MANUFACTURE. 

3. Process, (a) The steel may be made by the Bessemer or the open hearth process. 

{b) The bars shall be rolled from new billets. No rerollcd material will be accepted. 

4^. Cold-twisted Bars. Cold-twisted bars shall be twisted cold with one complete twist in a 
length not over 12 times the thickness of the bar. 


II. CHEMICAL PROPERTIES AND TESTS. 


5. Chemical Composition. 

chemical composition: 


The steel shall conform to the following requirements 


Bessemer not over o. 10 per cent 

Open-hearth “ “ 0.05 “ 


as to 


6. La^e Analyses. An analysis to determine the p)ercentage of carbon, manganese, phos- 
phorusand sulphur, shall be made by the manufacturer from a test ingot taken during the pouring 
of each melt, a copy of which shall be given to the purchaser or his repre.sentativc. This an dysis 
shall conform to the requirements specified in Section 5. 

7 - Check Analyses. Analyses may be made by the purchaser from finished bar» representing 
each melt of open-hearth steel, and each melt, or lot of ten tons, of Bessemer steel, in which case an 
excess of 25 per cent above the requirements specified in Section 5 shall be allowed. 


III. PHYSICAL PROPERTIES AND TESTS. 

8. Tension Tests, (a) The bars shall conform to the following requirements as to tensile 
properties: 
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Tensile Properties. 


Properties 

Considered. 

Plain Bars. 

Deformed Bars. 

Cold- 

twisted 

Bars. 

Structural- 

Steel 

Grade. 

Inter- 

mediate 

Grade. 

Hard 

Grade. 

Structural- 

Steel, 

Grade. 

Inter- 

mediate 

Grade. 

Hard 

Grade. 

Tensile strength, 

5S»ooo 

70,000 


55,000 

70,000 


Recorded 

lb. per sq. in. . . . 

to 

to 

80,000 min. 

to 

to 

50,000 min. 

only 


70,000 

85,000 


70,000 

85,000 



Yield point, min., 








lb. per sq. in 

33,000 

40,000 

50,000 

33,000 

40,000 

50,000 

S5>ooo 

hdongation in 8 in., 

1,400,000“ 

1,300,000“ 

1,200,000^* 

1,250,000“ 

1,125,000“ 

1,000,000“ 

5 

in in., per cent. . . . 








'Tens. str. 

Tens. str. 

Tens. str. 

Tens. sir. 

Tens. str. 

'lens. str. 



“ See Section 9. 


(6) The yield ix)int shall be determined by the drop of the beam of the testing machine. 

9. Modifications in Elongation, (a) For plain and deformed bars over J in. in thickness 
or diameter, a deduction from the j^ercentages of elongation six.*ciried in Section 8 (a) of 0.25 
f>er cent shall be made for each increase of ^ in. of the specified thickness or diameter abo\'c f in. 

(6) For plain and deformed bars under ^ in. in thickness or diameter, a deduction from 
the jx'rcentages of elongation specified in Section 8 (u) of 0.5 per cent shall be made for each 
decrease of sixx:ified thickness or diameter below in. 

10. Bend Tests. The test specimen shall bend cold around a pin without cracking on the 
outside of the bent jKirtion, as follows: 


Bend-Test Requirements. 


Thickness 

or 

Diameter 
of Bar. 

Plain Bars. 

Deformed Bars. 

Cold- 

twisted 

Bars. 

Structural- 

Steel 

Grade. 

Inter- 

mediate 

Grade. 

Hard 

Grade. 

Struct ural- 
Siccl 
Grade. 

Inter- 

mediate 

Grade. 

Hard 

Grade. 

Under i in 

180 deg. 

180 deg. 

180 deg. 

iHo deg. 

180 deg. 

180 deg. 

iSo deg 


d - t 

d = 2t 

d = 3 t 

d = t 

d = 31 

1! 

d = 2t 

1 in. or over 

180 deg. 

90 deg. 

90 deg. 

I So dec. 

90 deg. 

90 deg. 

180 deg 


d = t 

d = 2t 

d = 3t 

d = 21 

d = .u 

d - 4t 

d = 31 


Explanatory Note: d = the diameter of pin about which the six'cimen is bent; 

t = the thickness or diameter of the siX'cimeii. 


11. Test Specimens, (a) Tension ainl liend test six'cimens for plain and deformed bars 
shall be taken from the finished bars, and shall be of the full thickness or diameter of material as 
rolled; except that the six'cimens for deformetl bars may be machined for a length of at least 9 in., 
if (lecme 1 necessiiry by the manufacturer to obtain uniform cross-section. 

(/)) d'ension and bend test sixicimens for cold-twisted bars shall be taken from the finished 
bars, without further treatment; except as sixjcified in Section 2 (h). 

12. Number of Tests, (a) One tension and one bend test shall be made from each melt of 
open-hearth steel, and from each melt, or lot of ten tons, of Bessemer steel; except that if material 
from one melt differs J in. or more in thickness or diameter, one tension and one bend test shall 
be made from both the thickest and the thinnest material rolled. 

(b) If any test stxicimen shows defective machining or develops flaws, or if a tension test 
specimen breaks outside the middle third of the gage length, it may be discarded and another 
specimen substituted. 

IV. PERMISSIBLE VARIATIONS IN WEIGHT. 

13. Permissible Variations. The weight of any lot of bars shall not vary more than 5 per 
cent from the theoretical weight of that lot. 


41 
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V. FINISH. 

14. Finish. The finished bars shall be free from injurious defects and shall have a workman- 
like finish. 

VI. INSPECTION AND REJECTION. 

15. Inspection. The inspector representing the purchaser shall have free entry, at all times 
while work on the contract of the purchaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the bars ordered. The manufacturer shall afford the 
inspector, free of cost, all reasonable facilities to satisfy him that the bars are being furnished in 
accordance with these specifications. All tests (except check analyses) and inspection shall be 
made at the place of manufacture prior to shipment, unless otherwise specified, and shall be so 
conducted as not to interfere unnecessarily with the operation of the works. 

16. Rejection, (a) Unless otherwise specified, any rejection based on tests made in accord- 
ance with Section 7 shall be reported within five working days from the receipt of samples. 

(b) Bars which show injurious defects subsequent to their acceptance at the manufacturer’s 
works will be rejected, and the manufacturer shall be notified. 

17. Rehearing. Samples tested in accordance with Section 7, which repre^nt rejected bars, 
shall be preserved for two weeks from the date of the test report. In case of dissatisfaction with 
the results of the tests, the manufacturer may make claim for a rehearing within that time. 


STANDARD SPECIFICATIONS FOR RAIL-STEEL REINFORCEMENT BARS 

OF THE 

AMERICAN SOCIETY FOR TESTING MATERIALS. 

Adopted August 25, 1913; Revised 1914. 

1. Classes. These specifications cover three classes of rail-steel concrete reinforcement bars, 
namely: plain, deformed, and hot-twisted. 

I. MANUFACTURE. 

2. Process. The bars shall be rolled from standard section Tee rails. 

3. Hot-twisted Bars. Hot-twisted bars shall have one complete twist in a length not over 
12 times the thickness of the bar. 

11 . PHYSICAL PROPERTIES AND TESTS. 

4. Tension Tests, (a) The bars shall conform to the following minimum requirements as to 
tensile properties: 


Properties Considered. 


Plain Bars. 


Deformed and Hot-twUted Bars. 


Tensile strength, lb. per sq. in. 
Yield point, lb. per sq. in 

Elongation in 8 in., per cent'.. 


80.000 

50.000 
1.200.000 
Tens. str. 


80.000 

50.000 
1 . 000.0 00 
Tens. str. 


(b) The yield point shall be determined by the drop of the beam of the testing machine. 

5. Modifications in Elongation, (a) For bars over } in. in thickness or diameter, a deduction 
of I from the percentages of elongation specified in Section 4 (a) shall be made for each increase 
of I in. in thickness or diameter above } in. 

(b) For bars under tV in. in thickness or diameter, a deduction of i from the percentages of 
elongation specified in Section 4 (a) shall be made for each decrease of A in. in thickness or di- 
ameter below A in. 

6. Bend Tests, The test specimen shall bend cold around a pin without cracking on the 
outside of the bent portion, as follows: 

* Sec Section 5. 





SPECIFICATIONS FOR RAIL-STEEL REINFORCEMENT BARS. 


627 


Thlcknesa or Diameter of Bar. 

Plain Bara. 

Deformed and Hot-twisted Bara. 

Under f in 

180 deg. 

180 deg. 

f in. or over 

d = j t 

90 deg. 

d = 4 t 

90 deg. 


d = 3 t 

d = 4 t 


Explanatory Note: d = the diameter of pin about which the specimen is bent; 

t = the thickness or diameter of the specimen. 


7. Test Specimens, (a) Tension and bend test specimens for plain and deformed bars shall 
be taken from the finished bars, and shall be of the full thickness or diameter of bars as rolled; 
except that the specimens for deformed bars may be machined for a length of at least 9 in., if 
deemed necessary by the manufacturer to obtain uniform cross-section. 

(b) Tension and bend test specimens for hot-twisted bars shall be taken from the finished 
bars, without further treatment. 

8. Number of Tests, (a) One tension and one bend test shall be made from each lot of ten 
tons or less of each size of bar rolled from rails varying not more than 10 lb. per yd. in nominal 
weight. 

(b) If any test specimen shows defective machining or develops flaws, it may be discarded 
and another specimen substituted. 

(r) If the percentage of elongation of any tension test specimen is less than that specified 
in Section 4 (a) and any part of the fracture is outside the middle third of the gage length, as 
indicated by scribe scratches marked on the specimen before testing, a retest shall be allowed. 

III. PERMISSIBLE VARIATIONS IN WEIGHT. 

9. Permissible Variations. The weight of any lot of bars shall not vary more than 5 per cent 
from the theoretical weight of that lot. 


IV. FINISH. 

10. Finish. The finished bars shall be free from injurious defects and shall have a workman- 
like finish. 

V. INSPECTION AND REJECTION. 

11. Inspection. The insp)ector representing the purchaser shall have free entry, at all times 
while work on the contract of the purchaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the bars ordered. The manufacturer shall afford the 
inspector, free of cost, all reasonable facilities to satisfy him that the bars are being furnished in 
accordance with these specifications. All tests and inspection shall be made at the place of manu- 
facture prior to shipment, unless otherwise specified, and shall be so conducted as not to interfere 
unnecessarily with the operation of the works. 

12. Rejection. Bars which show injurious defects subsequent to their acceptance at the 
manufacturer’s works will be rejected, and the manufacturer shall be notified. 


STANDARD SPECIFICATIONS FOR STEEL CASTINGS 

OF THE 

AMERICAN SOCIETY FOR TESTING MATERIALS 
Adopted August 25, 1913. 

I. Classes. These specifications cover two classes of castings, namely: 

Class A, ordinary castings for which no physical requirements are specified; 

Class B, castings for which physical requirements are specified. These are of three grades; 
hard, medium, and soft. 

2 Patterns, (a) Patterns shall be made so that sufficient finish is allowed to provide for all 
variations in shrinkage. 

(b) Patterns shall be painted three colors to represent metal, cores, and finished surfaces. 
It is recommended that core prints shall be painted black and finished surfaces red. 

3. Basis of Purchase. The purchaser shall indicate his intention to substitute the test to 
destruction specified in Section 1 1 for the tension and bend tests, and shall designate the patterns 
from which castings for this test shall be made. 
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I. MANUFACTURE. 

4. Process. The steel shall be made by one or more of the following processes: open-hearth, 
electric furnace, side blow converter or crucible. 

5. Heat Treatment, (a) Class A castings need not be annealed unless so specified. 

(b) Class B castings shall be properly annealed, the treatment depending upon the design 
and chemical composition of the castings. 


II. CHEMICAL PROPERTIES AND TESTS. 


6. Chemical Composition. 

chemical composition: 


The castings shall conform to the following requirements as to 
Class A. Class B. 


Carbon not over 0.30 per cent .... 

Phosphorus “ “ O.06 “ not over 0.05 per cent 

Sulphur .... “ “ 0.05 “ 


7. Ladle Analyses. An analysis to determine the percentages of carbon, manganese, phos- 
phorus and sulphur shall be made by the manufacturer from a test ingot taken during the pouring 
of each melt, a copy of which shall be given to the purchaser or his representative. This analysis 
shall conform to the requirements specified in Section 6. Drillings for analysis shall be taken not 
less than i in. beneath the surface of the test ingot. 

8. Check Analyses, (a) Analyses of Class A castings may be made by the purchaser, in 
which case an excess of 20 per cent above the requirement as to phosphorus specified in Section 6 
shall be allowed. Drillings for analysis shall be taken not less than { in. beneath the surface. 

(6) Analyses of Class B castings may be made by the purchaser from a broken tension or 
bend test specimen, in which case an excess of 20 per cent above the requirements as to phos- 
phorus and sulphur specified in Section 6 shall be allowed. Drillings for analysis shall be taken 
not less than i in. beneath the surface. 


III. PHYSICAL PROPERTIES AND TESTS. 

(For Class B Castings Only.) 

9. Tension Tests, (a) The castings shall conform to the following minimum requirements 
as to tensile properties: 

Hard. MEDiu.\f. Soft. 

Tensile strength, lb. per sq. in 80 000 70 000 60 000 

Yield point, lb. per sq. in 0.45 tens.str. 0.45 tcns.str. 0.45 tens.str. 

Elongation in 2 in., per cent 15 18 22 

Reduction of area, “ 20 25 30 

(b) The yield pioint shall be determined by the drop of the beam of the testing machine. 

10. Bend Tests, (a) The test specimen for soft castings shall bend cold through 120 deg., 
and for medium castings through 90 deg., around a i-in. pin, without cracking on the outside of 
the bent portion. 

(b) Hard castings shall not be subject to bend test requirements. 

11. Alteniative Tests to Destruction, In the case of small or unimportant castings, a test to 
destruction on three castings from a lot may be substituted for the tension and bend tests. This 



test shall show the material to be ductile, free from injurious defects, and suitable for the purpose 
intended A lot shall consist of all castings from one melt, in the same annealing charge. 

12. Test Specimens, (a) Sufficient test bars, from which the test specimens required in 
Section 13 (a) may be selected, shall be attached to castings weighing 500 lb. or over, when the 
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design of the castings will permit. If the castings weigh less than 500 lb., or are of such a design 
that test bars cannot be attached, two test bars shall be cast to represent each melt; or the quality 
of the castings shall be determined by tests to destruction as specified in Section ii. All test 
bars shall be annealed with the castings they represent. 

(6) The manufacturer and purcha^r shall agree whether test bars can be attached to castings, 
on the location of the bars on the castings, on the castings to which bars are to be attached, and 
on the method of casting unattached bars. 

(r) Tension test specimens shall be of the form and dimensions shown in Fig. i. Bend test 
specimens shall be machined to i by j in. in section with corners rounded to a radius not over in. 

13. Niunber of Tests, (a) One tension and one bend test shall be made from each annealing 
charge. If more than one melt is represented in an annealing charge, one tension and one bend 
test shall be made from each melt. 

(b) If any test s{)ecimcn shows defective machining or develops flaws, or if a tension test 
sp)ecimen breaks outside the gage length, it may be discarded; in which case the manufacturer and 
the purchaser or his representative shall agree upon the selection of another specimen in its stead. 

(c) If the percentage of elongation of any tension test specimen is less than that Sfjecified 
in Section 9 (a) and any part of the fracture is more than J in. from the center of the gage length, 
as indicated by scribe scratches marked on the sj^ecimen before testing, a retest shall be allowed. 

13a. Retests. If the results of the physical tests of any test lot do not conform to the 
requirements specified, the manufacturer may re-anneal such lot not more than twice and retests 
shall be as specified in Sections 9 and 10. 

IV. WORKMANSHIP AND FINISH. 

14. Workmanship. The castings shall substantially conform to the sizes and shapes of the 
patterns, and shall be made in a workmanlike manner. 

15. Finish, (a) The castings shall be free from injurious defects. 

(b) Minor defects which do not impair the strength of the castings may, with the approval 
of the purchaser or his representative, be w'eldcd by an approved process. The defects shall first 
be cleaned out to solid metal; and after w'clding, the castings shall be annealed, if specified by the 
purchaser or his representative. 

(c) The castings offered for insjxiction shall not be painted or covered with any substance 
that will hide defects, nor rusted to such an extent as to hide defects. 

V. INSPECTION AND REJECTION. 

16. Inspection. The inspector representing the purchaser shall have free entry, at all times 
while work on the contract of the purchaser is being |X'rformed, to all parts of the manufacturer's 
works which concern the manufacture of the castings ordered. The manufacturer shall afford the 
inspector, free of cost, all reasonable facilities to sittisfyhim that the castings are being furnished 
in accordance with these specifications. All tests (except check analyses) and inspection shall be 
made at the place of manufacture prior to shipment, unless otherwise spc^cified, and shall be so 
conducted as not to interfere unnecessiirily with the operation of the works. 

17. Rejection, (a) Unless otherwise six'cified, any rejection based on tests made in accord- 
ance with Jx^ction 8 shall be reported within five working days from the receipt of samples. 

(b) Castings which show injurious defects subsequent to their acceptance at the manu- 
facturer’s works will be rejected, and the manufacturer shall be notified. 

18. Rehearing. Samples tested in accordance with Section 8, which represent rejected 
castings, shall be preserved for two weeks from the date of the test report. In case of dissatis- 
faction with the results of the tests, the manufacturer may make claim for a rehearing within th;^.': 
time. 

VI. SPECIAL REQUIREMENTS FOR CASTINGS FOR SHIPS. 

19. Castings for Ships. In addition to the preceding requirements, castings for ships, when 
so specified, shall conform to the following reouirements: 

20. Heat Treatment. All castings shall be annealed. 

21. Nttmber of Tests, (a) One tension and one bend test shall be made from each of the 
following castings; stern frames, stern posts, twin screw spectacle frames, propellor shaft brackets, 
rudders, steering quadrants, tillers, stems, anchors, and other castings when specified. 

(b) When a casting is made from more than one melt, four tension and four bend tests shall 
be made from each casting. 

22. Percussion Tests, (a) A p>ercussion test shall be made on each of the following castings: 
stern frames, stern posts, twin screw spectacle frames, propellor shaft brackets, rudders, steering 
quadrants, tillers, stems, anchors, and other castings when specified. 

(b) For this test, the casting shall be suspended by chains and hammered all over with a 
hammer of a weight approved by the purchaser or his representative. If cracks, flaws, defects, 
or weakness appear after such treatment, the casting will be rejected. 



630 


ENGINEERING MATERIALS. 


Chap. XV. 


CORROSION OF IRON AND STEEL. — If iron or steel is left exposed to the atmosphere 
it unites with oxygen and water to form rust. Where the metal is further exposed to the action 
of corrosive gases the rate of rusting is accelerated but the action is similar to that of ordinary 
rusting. Neither dry air nor water free from oxygen has any corrosive effect. While not essential 
to corrosion acids greatly hasten its action. It seems evident that some weak electrolysis is 
essential for corrosive action. Where iron or steel are in contact with water electrolytic action 
will always take place, although the amount is very small under ordinary conditions. Where a 
considerable electrolytic force exists the corrosion is greatly hastened. The increase in the use 
of electricity has doubtless had a tendency to increase the corrosion of iron and steel and to make 
the problem of the preservation of iron and steel from corrosion of great importance. 

In an article on “ The Corrosion of Iron** in Proceedings of American Society for Testing 
Materials, vol. VII, 1907, pages 211 to 228, Mr. AUerson S. Cushman shows that the two factors 
without which the corrosion of iron is impossible are electrolysis and the presence of hydrogen 
in the electrolyzed or “ ionic *’ condition. The electrolytic action can only take place in the 
presence of oxygen or some other oxidizing agent. Rust is a hydroxide of iron — ferric hydroxide , 
FeOiH|. The corrosion of iron or steel may be prevented or retarded by covering it with a coating 
that will protect it from the water or the air. 

It is commonly beli ved, with good reason, that cast iron corrodes less rapidly than either 
wrought iron or steel. The graphite in the cast iron and the silicious coating that the cast iron 
receives in molding doubtless assist in protecting the cast iron from corrosion. 

It is also commonly believed that steel corrodes more rapidly than wrought iron. The tests 
that have been made to determine the relative corrosion of wrought iron and steel are very con- 
flicting, but it appears certain that the difference in the corrosion of well made steel and well made 
wrought iron is very slight. The acid test as a measure of natural corrosion has been used, es- 
pecially by firms manufacturing and selling “ ingot iron ’* (very low carbon Bessemer or open- 
hearth steel). Committee .^-5 on the Corrosion of Iron and Steel of the American Society for 
Testing Materials in the Proceedings of the S(x:iety, vol. XI, 1911, page 100, states that it considers 
the acid test as unreliable as a measure of natural corrosion and does not recommend its use. 

In the paper on “ The Corrosion of Iron ** above referred to, Mr. Cushman states: — “ A 
very widespread impression prevails that charcoal iron or a puddled wrought iron are more re- 
sistant to corrosion than steel manufactured by the Bessemer and ojxjn-hearth processes. It is 
by no means certain that this is the case, but it would follow from the electrolytic theory that in 
order to have the highest resistance to corrosion a metal should either be as free as possible from 
certain impurities, such as manganese, or should be so homogeneous as not to retain localized 
positive and negative nodes for a long time without change. Under the first condition iron would 
appear to have the advantage, but under the second much would depend upon the care exercised 
in manufacture, whatever proce^ was used.’* 

From the preceding discussion it would appear that neither “ ingot iron ** nor wrought iron 
has any advantage in resisting corrosion over a well made structural steel. 

PAINT.* — The paints in use for protecting structural steel may lx; divided into oil paints, 
tar paints, asphalt paints, varnishes, lacquers, and enamel paints. The last two mentioned are 
too expensive for use on a large scale and will not be considered. 

on# PAINTS. — An oil paint consists of a drying oil or varnish and a pigment, thoroughly 
mixed together to form a workable mixture. ** A gcxxi paint is one that is readily applied, has 
good covering powers, adheres well to the metal, and is durable.” The pigment should be inert 
to the metal to which it is applied and also to the oil with which it is mixed. Linseed oil is com- 
monly u^ as the varnish or vehicle in oil paints, and is unsurpassed in durability by any other 
drying oil. Pure linseed oil will, when applied to a metal surface, form a transparent coating that 
offers considerable protection for a time, but is soon destroyed by abrasion and the action of the 
elements. To make the coating thicker, harder and more dense, a pigment is added to the oil. 
An oil paint is analogous to concrete, the linseed oil and pigment in the paint corresponding to the 

* This discussion on paints is taken from the author*8 The Design of Steel Mill Buildings.’* 
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cement and the a^mgate in the concrete. The pigments used in making oil paints for protecting 
metal may be divided into four groups as follows: (i) lead; (2) zinc; (3) iron; (4) carbon. 

Linseed Oil.— Linseed oil is made by crushing and pressing flaxseed. The oil contains some 
vegetable impurities when made, and should be allowed to stand for two or three months to purify 
and settle before being used. In this form the oil is known as raw linseed oil, and is ready for use. 
Raw linseed oil dries (oxidizes) very slowly and for that reason is not often used in a pure state for 
structural iron paint. The rate of drying of raw linseed oil increases with age; an old oil being 
very much better for paint than that which has been but recently extracted. Raw linseed oil 
can be made to dry more rapidly by the addition of a drier or by boiling. Linseed oil dries by 
oxidation and not by evaporation, and therefore any material that will make it take up oxygen 
more rapidly is a drier. A common method of making a drier for linseed oil is to put the linseed 
oil in a kettle, heat it to a temperature of 400 to 500 degrees F., and stir in about four pounds of 
red lead or litharge, or a mixture of the two, to each gallon of oil. This mixture is then thinned 
down by adding enough linseed oil to make four gallons for each gallon of raw oil first put in the 
kettle. The addition of four gallons of this drier to forty gallons of raw oil will reduce the time of 
drying from about five days to twenty-four hours. A drier made in this way costs more than the 
pure linseed oil, so that driers are very often made by mixing lead or manganese oxide with rosin 
and turpentine, benzine, or rosin oil. These driers can be made for very much less than the price 
of good linseed oil, and are used as adulterants; the more of the drier that is put into the painty the 
quicker it will dry and the poorer it becomes, Japan drier is often used with raw oil, and when this 
or any other drier is added to raw oil in barrels, the oil is said to be “ boiled through the bung hole.” 

Boiled linseed oil is made by heating raw oil, to which a quantity of red lead, litharge, sugar of 
lead, etc., has been added, to a temperature of 400 to 500 degrees F., or by passing a current of 
heated air through the oil. Heating linseed oil to a temperature at which merely a few' bubbles 
rise to the surface makes it dry more rapidly than the unheated oil; however, if the boiling is con- 
tinued for more than a few hours the rate of drying is decreased by the boiling. Boiled linseed 
oil is darker in color than raw oil, and is much used for outside paints. It should dry in from 12 to 
24 hours when spread out in a thin film on glass. Raw oil makes a stronger and better film than 
boiled oil, but it dries so slowly that it is seldom used for outside work without the addition of a 
drier. 

Lead. — White Lead (hydrated carbonate of lead — specific gravity 6.4) is used for interior and 
exterior wood work. White lead forms an excellent pigment on account of its high adhesion and 
covering power, but it is easily darkened by exposure to corrosive gases and rapidly disintegrates 
under these conditions, requiring frequent renewal. It does not make a good bottom coat for 
other paints, and if it is to be used at all for metal work it should be used over another paint. 

Red Lead (minium; lead tetroxide — specific gravity 8.3) is a heavy, red powder approxi- 
mating in shade to orange; is affected by acids, but when used as a paint is very stable in light and 
under exposure to the weather. Red lead is seldom adulterated, about the only substance used 
for the purpose being red oxide. Red lead is prepared by changing metallic lead into monoxide 
litharge, and converting this product into minium in calcining ovens. Red lead intended for 
paints must be free from metallic lead. One ounce of lampblack added to one pound of red lead 
changes the color to a deep chocolate and increases the time of drying. This compound when 
mixed in a thick paste will keep 30 days without hardening. 

Zinc. — Zinc white (zinc oxide — specific gravity 5.3) is a white loose powder, devoid of smell 
or taste and has a good covering jx)wer. Zinc paint has a tendency to peel, and when exposed 
there is a tendency to form a zinc soap with the oil which is psily washed off, and it therefore does 
not make a good paint. However, when mixed with red oxide of lead in the proportions of i lead 
to X zinc, or 2 lead to i zinc, and ground with linseed oil, it makes a very durable paint for metal 
sunaces. This paint dries very slowly, the zinc acting to delay hardening about the same as 
lampblack. 

Iron Oxide.— Iron oxide (specific gravity 5) is composed of anhydrous sesquioxide (hematite) 
and hydrated sesquioxide of iron (iron rust). The anhydrous oxide is the characteristic 
ingredient of this pigment and very little of the hydrated oxide should be present. Hydrated 
sesquioxide of iron is simply iron rust, and it probably acts as a carrier of oxygen and accele- 
rates corrosion when it is present in considerable quantities.^ Mixed with the iron ore are 
various other ingr^ients, such as clay, ocher and earthy materials, which often form 50 to 75 
per cent of the mass. Brown and dark red colors indicate the anhydrous oxide and are considered 
the best. Bright red, bright purple and maroon tints are characteristic of hydrated oxide and 
make less durable paints than the darker tints. Care should be used in buying iron oxide to 
see that it is finely ground and is free from clay and ocher. 

Carbon.— The most common forms of carbon in use for paints are lampblack and graphite. 
Lampblack (specific gravity 2.6) is a great absorbent of linseed oil and makes an excellent pigment 
Graphite (black lead or plumbago — specific gravity 2.4) is a more or less impure form of carbon, 
and when pure is not amKted by acids. Graphite does not absorb nor act chemically on linseed 



632 


ENGINEERING MATERIALS. 


Chap. XV. 


oil. so that the varnish simpiy holds the particles of pigment together in the same manner as the 
cem -nt in a concrete. There are two kinds of graphite in common use for paints — the granular 
and the flake graphite. The Dixon Graphite Co., of Jersey City, uses a flake graphite combined 
with silica, while the Detroit Graphite Manufacturing Co. uses a mineral ore with a large per- 
centage of graphitic carbon in granulated form. On account of the small specific gravity of the 
pigment, carbon and graphite paints have a very la^e covering capacity. The thickness of the 
coat is, however, Correspondingly reduced. Boiled linseed oil should always be used with carbon 
pigments. 

Mixing the Paint. — ^The pigment should be finely ground and should preferably be ground with 
the oil. The materials should be bought from reliable dealers, and should be mixed as wanted. 
If it is not possible to grind the paint, better results will usually be obtained from hand mixed 
paints made of first class materials than from the ordinary run of prepared paints that arc supposed 
to have been ground. Many ready mixed paints are sold for less than the price of linseed oil, 
which makes it evident that little if any oil has been used in the paint. The paint should be 
thinned with oil, or if necessary a small amount of turpentine may be added; however turpentine 
is an adulterant and should be used sparingly. Benzine, gasoline, etc., should never be used in paints, 
as the paint dries without oxidizing and then rubs off like chalk. 

Proportions. — The proper proportions of pigment and oil required to make a good paint 
vary with the different pigments, and the methods of preparing the paint; the heavier and the 
more finely ground pigments require less oil than the lighter or coarsely ground while ground 
paints require less oil than ordinary mixed paints. A common rule for mixing paints ground in 
oil is to mix with each gallon of linseed oil, dry pigment equal to three to four times the specific 
gravity of the pigment, the weight of the pigment being given in pounds. This rule gives the 
following weights of pigment per gallon of linseed oil: white lead, 19 to 26 lb.; red lead, 25 to 3^ lb.; 
zinc, 15 to 21 lb.; iron oxide, 15 to 20 lb.; lampblack, 8 to 10 lb.; graphite, 8 to 10 lb. The weights 
of pigment used per gallon of oil varies about as follows: red lead, 20 to 33 lb.; iron oxide, 8 to 
25 lb.; graphite, 3 to 12 lb. 

Covering Capacity. — The covering capacity of a paint depends upon the uniformity and 
thickness of the coating; the thinner the coating the larger the surface covered per unit of paint. 
To obtain any given thickness’ of paint therefore requires practically the same amount of paint 
whatever its pigment may be. The claims often urged in favor of a particular paint that it has a 
large covering capacity may mean nothing but that an excess of oil has been used in its fabrication. 
An idea of the relative amounts of oil and pigment required, and the covering capacity of different 
paints may be obtained from Table VIII, Chapter XIII. 

Light structural work will average about 250 square feet, and heavy structural work about 
150 square feet of surface per net ton of metal. 

It is the common practice to estimate i gallon of paint for the first coat and | gallon for the 
second coat per ton of structural steel, for average conditions. 

Appljring the Paint. — The paint should be thoroughly brushed out with a round brush to 
remove all the air. The paint should be mixed only as wanted, and should be kept well stirred. 
When it is necessary to apply paint in cold weather, it should be heated to a temperature of 130 
to 150 degrees F.; paint should not be put on in freezing weather. Paint should not be applied 
when the surface is damp, or during foggy weather. The first coat should be allowed to stand for 
three or four days, or until thoroughly dry, before applying the second coat. If the second coat 
is applied before the first coat has dried, the drying of the first coat will be very much retarded. 

Cleaning the Surface. — Before applying the paint all scale, rust, dirt, grease and dead paint 
should be removed. The metal may be cleaned by pickling in an acid bath, by scraping and brushing 
with wire brushes, or by means of the sand blast. In the process of pickling the metal is dipped 
in an acid bath, which is followed by a bath of milk of lime, and afterwards the metal is washed 
clean in hot water. The method is expensive and not satisfactory unless extreme care is used in 
removing all traces of the acid. Another objection to the process is that it leaves the metal wet and 
allows rusting to begin before the paint can be applied. The most common method of cleaning 
is by scraping with wire brushes and chisels. This method is slow and laborious. The method of 
cleaning ^ means of a sand blast has been used to a limited extent and promises much for the 
future. The average cost of cleaning five bridges in Columbus, Ohio, in 1902, was 3 cts. per sq. 
ft. of surface cleaned.* The bridges were old and some were badly rusted. The painters followed 
the sand blast and covered the newly cleaned surface with paint before the rust had time to form. 

Mr. Lilly estimates the cost of cleaning light bridge work at the shop with the sand blast at 
$1-75, per ton, and the cost of heavy bridge work at $1.00 per ton. In order to remove the mill 
scale it has been recommended that rusting be allowed to start before the sand blast is used. One 
of the advantages of the sand blast is that it leaves the surface perfectly dry, so that the paint can 
be applied before any rust has formed. 

* Sand Blast Cleaning of Structural Steel, by G. W. Lilly, Trans. Am. Soc. C. E., Feb., 1903* 
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Priming or Shop Coat. — Engineers are very much divided as to what makes the best priming 
coat; some specify a first cbat of pure linseed oil and others a priming coat of paint. Linseed oil 
makes a transparent coating that allows imperfections in the workmanship and rusted spots 
to be easily seen; it is not permanent however, and if the metal is exposed for a long time the oil 
will often be entirely removed before the second coat is applied. It is also claimed that the paint 
will not adhere as well to linseed oil that has weathered as to a |;ood paint. Linseed oil gives better 
results if applied hot to the metal. Another advantage of using oil as a priming coat is that the 
erection marks can be painted over with the oil without fear of covering them up. Red lead paint 
toned down with lampblack is probably used more for a priming coat than any other paint; the 
B. & O. R. R. uses lo oz. of lampblack to every 12 lb. of red lead. Linseed oil mixed with a small 
amount of lampblack makes a very satisfactory priming or shop coat. 

Without going further into the controversy it would seem that there is very little choice between 
linseed oil and a good red had paint for a priming coat. For data on the standard shop paints 
specified by different railroads, see digest of specifications in Chapter IV. 

Finishing Coat. — From a careful study of the question of paints, it would seem that for ordi- 
nary conditions, the quality of the materials and workmanship is of more importance in painting 
metal structures than the particular pigment used. If the priming coat has been properly 
applied there is no reason why any good grade of paint composed of pure linseed oil and a very 
finely ground, stable and chemically non-injurious pigment will not make a very satisfactory finish- 
ing coat. Where the paint is to be subjected to the action of corrosive gases or blasts, however, 
there is certainly quite a difference in the results obtained with the different pigments. The 
graphite and asphalt paints appear to withstand the corroding action of smelter and engine gases 
better than red lead or iron oxide paints; while red lead is probably better under these conditions 
than iron oxide. Portland cement paint or coal tar paint are the only paints that will withstand 
the action of engine blasts. 

To obtain the Ix^st results in painting metal structures therefore, proceed as follows: (i) pre- 
pare the surface of the metal by carefully removing all dirt, grease, mill scale, rust, etc., and give 
It a priming coat of pure linseed oil or a good paint — red lead seems to be the most used for this 
purpose; (2) after the metal is in place carefully remove all dirt, grease, etc., and apply the finishing 
coats — preferably not less than two coats — giving ample time for each coat to dry before applying 
the next. The separate coats of paint should be of different colors. Painting should not be done 
in rainy weather, or when the metal is damp, nor in cold weather unless special precautions are 
taken to warm the paint. The best results w ill usually be obtained if the materials are purchased 
in bulk from a responsible dealer and the paint ground as wanted. Good results are obtained with 
many of the patent or ready mixed paints, but it is not possible in this place to go into a discussion 
of their respective merits. 

ASPHALT PAINT, — Many prepared paints are sold under the name of asphalt that are mix- 
tures of coal tar, or mineral asphalt alone, or combined with a metallic base, or oils. The exact 
compositions of the patent asphalt paints arc hard to determine. Black bridge paint made by 
Edward Smith & Co., New York City, contains asphaltum, linseed oil, turpentine and Kauri gum. 
The paint has a varnish-like finish and makes a very satisfactory paint. The black shades of 
asphalt paint arc the only ones that should be used. 

COAL TAR PAINT. — Coal tar paint is occasionally used for painting gas tanks, smelters, and 
similar structures that receive rough usage. Coal tar paint mixed as described below has been 
used by the U. S. Navy Department for painting the hulls of ships. It should give satisfactory 
service where the metal is subject to corrosion. The coal tar paint is mixed as follow^s: The pro- 
portions of the mixture are slightly variable according to the original consistency of the tar, the 
use for which it is intended and the climate in which it is used. The proportions will vary 
between the following proportions in volume. 

Coal Tar. Portland Cement. Kerosene Oil. 

New Orleans Mixture 8 i i 

Annapolis Mixture i6 4 3 

The Portland cement should first be stirred into the kerosene, forming a creamy mixture, 
the mixture is then stirred into the coal tar. The paint should be freshly mixed and kept well 
stirred. This paint sticks well, does not run when exposed to the sun’s rays and is a very satis- 
factory paint for rough work. The cost of the paint will vary from 10 to 20 cts. per gallon. The 
kerosene oil acts as a drier, while the Portland cement neutralizes the coal tar. 

If it is desired to paint with oil paint a structure which has been painted with coal tar paint, 
the surface must be scraf>cd and all the coal tar removed. 

CEMENT AND CEMENT PAINT. — Experiments have shown that a thin coating of Portland 
cement is effective in preventing rust; that a concrete to be effective in preventing rust must be 
dense and made very wet. The steel must be clean when imbedded in the concrete. There is 
quite a difference of opinion as to whether the metal should be painted before being imbedded or 
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not. It is probably best to paint the metal if it is not to be imbedded at once, or is not to be used 
in concrete-steel construction where the adhesion of the cement to the metal is an essential element. 
Wien the metal is to be imbedded immediately it is better not to paint it. 

Portland Cement Paint — A Portland cement paint has been used on the High St. viaduct in 
Columbus, Ohio, with good results. The viaduct was exposed to the fumes and blasts from 
locomotives, so that an ordinary paint did not last more than six months even on the least exposed 
portions. The method of mixing and applying the paint is described in Engineering News, 
April 24th and June 5th, 1902, as Follows; “ The surface of the metal was thoroughly cleaned with 
wire brushes and files — the bridge had been cleaned with a sand blast the previous year. A thick 
coat of Japan drier was then applied and before it had time to dry a coating was applied as fol- 
lows: Apply with a trowel to the minimum thickness of A in. and a maximum thickness of 
i in. (in extreme cases J in.) a mixture of 32 lb. Portland cement, 12 lb. dry finely ground lead, 4 
to 6 lb. boiled linseed oil, 2 to 3 lb. Japan drier.** After a period of about two years the coating 
was in almost perfect condition and the metal under the coating was as clean as when painted. 
The cost of the coating including the hand cleaning, materials and labor was 8 cts. per sq. ft. 

INSTRUCTIONS FOR THE MILL INSPECTION OF STRUCTURAL STEEL.* 

(1) Study the contract and specifications and secure such information concerning the pro- 
posed structure as will permit a full understanding of the use to be made of the various items of the 
order. 

(2) Secure copies of the mill orders, shipping directions and other information concerning the 
material to be inspected. 

(3) Attend promptly when notified of the rolling of material and so conduct the inspection 
and tests as not to interfere unnecessarily with the operations of the mill. 

(а) Have the test specimens prepared and properly stamped with the melt numbers by the 
manufacturer. Observe the selection and stamping of specimens and verify the melt numbers 
when practicable. 

(5) Attend and supervise the making of tensile, bending and drifting tests. Make sure that 
the testing machines are properly handled and that the specified speed oF pulling is not exceeded. 
Note the behavior of the metal and check and record the results of the tests. 

(б) Select the bars or other members for full-size tests as specified. Supervise such tests 
and check and record their results. 

(7) S-'Cure from the manufacturer records of the chemical analyses of the melts and accept 
only those in which the specified contents of impurities are not exceeded. 

(8) Secure pieces of the test ingots and test specimens and have check analyses made outside 
of the manufacturers’ laboratory when the analyses furnished by the manufacturer are erratic or 
for any other reason appear to be incorrect. 

(9) Examine each piece of finished material for surface defects before shipment, requiring 
the material to be handled in a manner that will permit the examination to be thorough and 
complete. This inspection should detect evidence of excessive gagging or other injury due to 
cold straightening. 

(10) Report promptly the shipment of any material from the mill, whose surface inspection 
has been waived. Such material should be examined by the shop inspector. 

(11) Verify the section of all material by measurement and by weight. 

(12) Study the operations of the plant and become familiar with the various processes of 
manufacture. 

Cultivate the acquaintance of the mill employees and become familiar with their work so as 
to have direct knowledge of the mill practice and determine as well as the circumstances permit 
the correctness of the mill practice in so far as it is covered by the specifications. 

(13) Record all tests and analyses on the forms provided, 

(14) Keep informed as to the progress of the work in the shop and endeavor to secure the 
shipment of material at such times and in such order as to avoid delay in the fabrication. 

(15) Secure copies of the shipping lists and compare them with the orders and make regular 
statements of the material that has been rolled and shipped. 

(16) Make reports weekly or as may be directed, submitting complete records of tests, 
analyses and shipments and such other information as may be required.* 

* American Railway Engineering Association, Adopted, Vol. 14, 1913. 
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INSTRUCTIONS FOR THE INSPECTION OF THE FABRICATION OF 

STEEL BRIDGES.* 

(1) Acquire a full knowledge of the conditions of the contract, such as the time of delivery, 
the railway company’s actual need of the work, the desired order of shipment, and any special 
features in connection with delivery such as the position of the girders or truss members on cars 
at the bridge site. 

(2) Study in advance the plans and specifications and see that all provisions thereof are 
complied with. These instructions are not be construed as altering the specifications in any way. 

Check every finished member against the drawings for its general dimensions and for the 
section of each piece of material forming a component part of the member. 

(3) Endeavor to maintain pleasant relations with foremen and the workmen and by fairness, 
decisiveness and good sense interest them in the successful completion of the work. 

(4) Attend constantly to the work, making inspection during the progress of the work in the 
shop, striving to keep up with the output in order that errors may be corrected before the work 
leaves the shop. 

Attend the weighing of material whenever practicable, especially that purchased on weight 
basis. Check the accuracy of the scales with test weights or by other sufficient means. 

Conduct the insp>cction so as not to interfere unnecessarily with the routine op>erations of the 
shop. 

(5) When unusual circumstances require an explanation of the plans or some variation from 
the specified procedure, take the necessa^ action promptly. 

(6) Study the field connections, paying particular attention to clearances and making nota- 
tions on the drawings so that they may be checked rapidly. 

(7) Check all bevels and field rivet holes. 

(8) Give careful attention to the quality of the workmanship, the condition of the plain 
material, accuracy of punching, care in assembling, alignment of rivets, tightness of rivets, a - 
curacy of finishing of machined joints, painting and general finish. 

(9) Make sure that reamed holes are truly cylindrical and that drillings are not allowed to 
remain between assembled parts. 

(10) Watch for bends, kinks, and twists in the finished members and make certain that when 
leaving the shop they are in proper condition for erection. 

(i i) Make sure that the webs of girders do not project beyond the flange angles and that the 
depth of web below the flange angles complies with the specification. 

(12) Allow only the material rolled and accepted for the work to be used therein. 

(13) Have the fabricated material shipped in the correct order for erection and in accordance 
with instructions, as far as practicable. 

(14) Measure the width of each column and the lengths of all girders betw^een columns when 
they are to be placed consecutively in a long row so as to insure that the columns and girders will 
not “ build out ” in erection, so as to exceed the calculated length. 

(15) Check “ rights ” and *' lefts ” and make sure that the proper number of each is shipped. 

(16) Check base plates of girders before riveting and make sure that the camber is not 
reversed. 

(17) Check the space provided for driving field rivets, allowing sufficient space for the 
penumatic riveter. 

(18) Examine field connections after riveting to insure proper fitting and ease of erection. 

(19) Make sure that shop splices are properly fitted and that matched and milled surfaces 
to transmit bearing are in close contact during riveting as specified. 

(20) Examine and measure bored pinholes carefully to insure proper dimensions and spacing 
and smoothness of finish. 

(21) Measure the spacing center to center of the end connections for sections of I-beam 
floors or any similar construction in which the calculated spacing is liable to be exceeded because 
of the tendency of such work to “ grow ” as it is assembled. 

(22) Make sure that stringers connecting to floorbeams beneath the flange have sufficient 
clearance to care for their possible over-run in depth. 

(23) Have the assembling of trusses and girder spans required by the specifications carefully 
done and in any case insure the accuracy of field connections. If a large number of duplicate 
parts are to be made, the number of parts to be assembled should be governed by the workmanship. 
If errors are found, a sufficient number of parts should be assembled to make it reasonably certain 
that such errors have been eliminated. 

Have through girder spans with I-beam floors partially assembled and at least one bracket 
bolted in its final position. 

* American Railway Engineering A880cia:tion, Adopted, Vol. 14, 1913, and Vol. 15, 1914. 
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Have at least one upper and lower shoe of each kind assembled and make sure that there is 
no interference. 

(24) Make sure that iron templets used for reaming are properly set and held to line. 

(25) Secure match-marking diagrams for work which has been assembled and reamed and 
make sure that the match marks are plainly visible. 

(26) Have proper camber blocking us^ in assembling trusses and secure the desired camber 
before the reaming is done. 

(27) Require that all treads and supports for the drums of draw spans be carefully leveled 
with an instrument. 

(28) Study carefully the machine details and discriminate between those dimensions which 
must be exact and those in which slight variations are permissible. 

Determine in advance the desircxl accuracy of driving fits for bolts or keys and similar parts 
and make sure that such accuracy is attained. 

(29) Examine castings carefully for blowholes and other imperfections and discriminate 
between such defects as are unimportant and those which render the castings unfit for use. 

(30) Make sure that bushings, collars and similar parts are held securely in place. 

(31) Make sure that all drum wheels, expansion rollers, turntable rollers and similar parts 
are exact in size, so as to carry equally the loads which may be placed upon them. 

(32) Ascertain in advance that the paint provided complies with specifications. Watch 
carefully the painting directions and make sure that paint is properly applied and only where 
intended. 

(33) Verify all shop marks and make sure that they are legible as well as correct. 

(34) Have important members so loaded as to be headed in the right direction upon arrival 
at the site of the work. 

(35) Try a few countersunk head bolts in the holes where they are to be used to insure a 
proper fit. 

(36) Make sure that small pieces are bolted in place for shipment as shown on the plans and 
that other small parts are properly boxed or otherwise secured against loss. 

(37) Make sure that rivets, tie rods, anchor bolts and miscellaneous parts are shipped so as 
to avoid delay m erection. 

(38) Examine the field rivets to insure that they are free from fins or other defects. 

(39) Exercise special care in the examination of all movable structures and particularly their 
moving parts. 

(40) Make reports weekly or as directed, exhibiting carefully and concisely the actual con- 
ditions. ^ 

(41) Observe carefully and report such unusual difficulties as may be encountered and the 
means adopted in overcoming them, and endeavor by a study of the details or other means to 
make recommendations which will prevent their recurrence in future work. 

MISCELLANEOUS METALS. — The physical properties of the following metals depend 
upon whether they are cast, rolled, or drawn, and upon the details of manufacture, and the values 
given are therefore approximate. 

Aluminum has a specific gravity of 2.58 to 2.7. The ultimate tensile strength per sq. in. is 
about 15,000 lb. for cast, 24,000 lb. for sheet, and 30,000 to 65,000 lb. for aluminum wire. The 
elastic limit is about i the ultimate strength. The modulus of elasticity is about 11,000,000 lb. 
per sq. in. Aluminum is used in engineering construction principally in the form of an alloy. 

Copper has a specific gravity of 8.6 to 8.9. The ultimate tensile strength varies from 36,000 
to 40,000 lb. per sq. in. for soft copper wire with an elongation in lo in. of 35 to 20 per cent; to 
49,000 to 67,000 lb. per sq. in. for hard-drawn copper wire with an elongation varying from 3.75 
per cent in 10 in., to an elongation of 0.85 per cent in 60 in. Copper is also used in an alloy with 
other metals. 

Zinc, or spelter, has a specific gravity of about 7.00. The ultimate tensile strength per sq. in. 
varies from 3000 to 8000 lb. It is used for galvanizing and for making alloys. 

Nickel has a specific gravity of about 8.8. Nickel is used principally in alloys. 

Tin has a specific gravity of about 7.35. Tin is used as a covering for iron and steel sheets and 
in alloys. 

Lead has a specific gravity of about 11.4. Lead is very plastic and flows easily under stress. 

ALLOYS. — An alloy is a combination of two or more metals made by mixing them when in a 
molten condition. Alloys are commonly mechanical mixtures; although some have a slight chem- 
ical union. The properties of alloys depend not only upon the ingredients, but upon the method and 
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details of manufacture. It is impossible to predict the properties of an alloy from the properties 
of the metals forming it. Many alloys are sold under trade names in which the properties depend 
both on the proportions of the ingredients and upon the details of manufacture. The most im- 
portant alloys used by the structural engineer are as foil jws; 

Brass is an alloy of copper and zinc in which the copper varies from 6o to 89 per cent, and 
the zinc from 40 to 1 1 per cent. A small amount of tin is sometimes added to make the brass more 
easily worked. The tensile strength of brass is greatest (about 50,000 lb. per sq. in.) when the 
composition is about 62 per cent copper and 38 per cent zinc; and the ductility and malleability 
are greatest when the composition is about 70 per cent copper and 30 per cent zinc. A widely used 
brass has | copper and 1 zinc. 

Delta metal is brass with I to 2 per cent iron. The tensile strength of delta metal is about 
45,000 lb. per sq. in. 

Tobin bronze is brass with i to 2 per cent iron, and small amounts of lead and tin. 

Bronzes are alloys of copper and tin or of copper, zinc and tin, and usually have small quan- 
tities of other metals. Bronzes having more than 24 per cent tin are too weak to be used. The 
tensile strength is greatest (23,000 lb. per sq. in.) when the composition is about 80 per cent copper 
and 20 per cent tin. 

Phosphor bronze is an alloy of copper and tin containing } to i per cent phosphorus. It makes 
excellent castings and is very hard. The ultimate tensile strength v^aries from 50,000 to 100,000 
lb. \icr sq. in. 

Aluminum bronze is an alloy having 5 to 10 per cent aluminum and 95 to 80 per cent copper. 
The tensile strength varies from 75,000 to 100,000 lb. per sq. in. 

Manganese-bronze as specified by the American Society for Testing Materials contains, 
copper 55 to 65 per cent, zinc 39 to 45 per cent, iron not over 2 per cent, tin not over 2 per cent, 
aluminum not over 0.5 per cent, manganese not over 0.5 per cent. The ultimate tensile strength 
of standard test pieces cut from manganese-bronze ingots shall not be less than 70,000 lb. per sq. in., 
with an elongation in 2 in. of not less than 20 per cent. 

TIMBER. — For definitions of terms, standard def. cts, specifications and allowable stresses 
in timber, sec Chapter VII. 

STONE MASONRY. — For definitions of terms used in masonry construction and for speci- 
fications for dilTcrent classes of stone masonry, sec Chapter VI. 

For the allowable pressure on masonry, see Table IV, Chapter V, and for the weight, specific 
gravity and crushing strength of masonry, see Table V. Chapter V; also see Table VIII, Chapter 
1 1. For an exhaustive treatise on brick and stone masonry see Baker’s " Masonry Construction.” 

CONCRETE. — The average strengths of different mixtures of Portland cement concrete as 
given in Report of the Committee on Reinforced Concrete of the American Society of Civil 
Engineers, 1916, are given in Table IL ^ 

Si3ecifications for concrete are given in Chapter V, and specifications for reinforced concrete 
are given in Chapter VI. 

Working Stresses. — The following working stresses have been recommended by the American 
Railway Engineering Association for concrete that will develop an average compressive strength 
of at least 2000 Ib. per sq. in. when tested in cylinders 8 in. in diameter and 16 in. long and 28 days 
old, under laboratory conditions of manufacture and storage, the mixture being of the same con- 


sistency as is used in the field. 

L.b. per 
sq. in. 

Structural steel in tension. 14,000 

High carbon steel in tension 17,000 

Steel in compression, 15 times the compressive stress in the surrounding concrete. 

Concrete in bearing where the surface is at least twice the loaded area 700 

Concrete in direct compression, without reinforcement on lengths not exceeding 6 times 

the least width 450 

Concrete in direct compression with not less than i per cent nor over a per cent longitudinal 

reinforcement on lengths not exceeding 12 times the least width 450 
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Lb. per 
sq. in. 

Concrete in compression, on extreme fiber in cross bending 75^ 

Concrete in shear, uncombined with tension or compression in the concrete 120 

Concrete in shear, where the shearing stress is used as a measure of the web stress 40 

Note. — The limit of shearing stresses in the concrete, even when thoroughly reinforced 

for shear and diagonal tension, should not exceed 120 

Bond for plain bars 80 

Bond for drawn wire 40 

Bond for deformed bars, depending on the form 100-150 


ABSTRACT OF REPORT OF COMMITTEE ON CONCRETE AND REINFORCED 
CONCRETE OF THE AMERICAN SOCIETY pF CmL ENGINEERS. The report was 
printed in Transactions of American Society of Civil Engineers, Vol. XLII, December, 1916. 

The working stresses are given for static loads. Proper allowances are to be made for vibra- 
tions and impact. In selecting the proper working stress the designer should be guided by the 
working stresses used for other materials of construction, so that the entire structure may have 
the same degree of safety. The allowable stresses are given in terms of the ultimate compressive 
strength of concrete, obtained in testing concrete in cylinders 8 in. in diameter and 16 in. long, 
made of sluggish consistency, made and stored under laboratory conditions. The Committee 
recommends the following values for compressive strength of concrete to be used in design. 

Table II. 


Compressive Strength of Different Mixtures of Concrete, 
Pounds per Square Inch. 


.Aggregate. 

Proportions. ♦ 

«: 3 - 

x: 4 ) 4 . 

1:6. 

1:7^. 

1:9. 

Granite, trap rock 

3,300 

3,000 

2,200 

800 

2.800 
2,500 

1.800 
700 

2,200 

2,000 

1,500 

600 

1,800 
1,600 
1,200 1 
500 1 

1,400 

1,300 

1,000 

1 400 

Gravel, hard limestone, and hard sandstone 

Soft limestone and sandstone 

Cinders • 



ALLOWABLE STRESSES. 

Per Cent of 

Compressive Lb. per 

Strength Sq. In. 


Structural steel in tension l6,000 

Concrete in compression where the surface is at least twice 

the loaded area 35 

Concrete for concentric compression on a plain concrete 
column or pier, the length of which does not exceed 4 

diameters 22.5 

Compression on columns wdth longitudinal reinforcement 

only, length of the column shall not exceed 12 diameters* 22.5 
(o) Columns with longitudinal reinforcement to the extent 
of not less than l per cent and not more than 4 per cent, 
and with lateral tics of not less than \ in. in diameter, 12 
in. apart, nor more than 16 diameters of the longitudinal 
bar 22.5 


(b) Columns reinforced with not less than i per cent and not 
more than 4 per cent of longitudinal bars and with 
circular hoops or spirals not less than i per cent of the 
volume of the concrete and as hereinafter specified: a 
unit stress 55 per cent higher than given for (a) pro- 
vided the ratio of unsupported length of column to 
diameter of the hooped core is not more than 10 34*875 

* Combined volume of fine and coarse aggregate measured separately. 
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The following limitations are placed on design of columns. Minimum mze of columns 12 in. 
out to out. Longitudinal reinforcement to be assumed to carry its proportion of stress. Hoops 
or bands not assumed to carry stress. Hooping not to exceed i per cent of volume of column 
enclosed. Clear spacing of hooping not greater than one-sixth diameter enclosed column, pre- 
ferably not greater than one-tenth and not more than 2J in. Ends of hooping must be umted 


to develop full strength. 

Compression on extreme fiber of a beam, calculated for constant modulus of elasticity 

(stresses adjacent to the supports of continuous beams may be 15 per cent higher) .... 32.5 

Shear in beams with horizontal bars only and without web reinforcement 2 

Shear in beams with vertical stirrups looped about longitudinal bars on tension side, and 
stirrups spaced horizontally not more than one-half the depth of the beam; or b^ams 
with longitudinal bars bent up at an angle not greater than 45® nor less than 20® with 
axis of l)cam, points of bending up spaced horizontally not more than three-quarters 

the depth of the beam 4.5 

Shear in beams having a combination of bent bars and vertical stirrups looped about re- 
inforcing bars in tension side of beam and spaced horizontally not more than one-half 

the depth of the beam 5 

Shear in beams with web reinforcement (either vertical or inclined) securely attached to 
longitudinal bars in tension side of beam in such a way as to prevent slipping of bar 
past the stirrup, vertical stirrups spaced not more than one-half the depth of the beam, 
and inclined members spaced not more than three-quarters depth of beam 6 


(The web reinforcement shall be proportioned for two-thirds the external vertical shear. 
The bent-up bars may be assumed as reducing the shearing stresses, but this reduction shall in 
no case be taken greater than 4} per cent of compressive strength of the concrete over the effective 
section of the beam. When calculated by the formula /* = V’/(6*j*d), this would mean that 
shear /» could not be greater than 90 lb. per sq. in. for 2,000 lb. concrete.) 

The stresses in stirrups and inclined members when combined with bent-up bars are to be 
determined by finding the amount of the total shear that may be allowed by reason of the bent-up 
bars, and subtracting this shear from the total external vertical shear. Two-thirds of the re- 
mainder will be the shear to be carried by the stirrups. 

The stresses in web reinforcement may be calculated by the following formulas: 

Vertical web reinforcement 

r = r-s'ij-d (75) 

Bare bent up at angles between 20“ and 45° with the horizontal and web members inclined at 45' 


3 Zji.' 

4 j’d 


(76) 


Where V' * two-thirds of the total shear producing stress in the web reinforcement; T — total 
stress in member; s' =» horizontal spacing of stirrups, and j-d = effective depth of beam. 

Punching shear, only 6 

Bond stress between concrete and plain reinforcing bars 4 

Bond stress Ix^tween concrete and drawn w'ire 2 

Bond stress between concrete and deformed bars, not more than 5 

The modulus of elasticity to be taken for the design as follows: 

(a) One-fortieth that of steel, when the strength of the concrete is taken as not more than 
8oo lb. per sq. in. 


(b) One-fifteenth that of steel where the strength of the concrete is taken as greater than 8oo 
lb. per sn. in., and less than 2,200 lb. per sq. in., or less. 

(c) One-twelfth that of steel where the strength of the concrete is taken greater than 2,200 
lb. per sq. in. or less than 2,900 lb. per sq. in. 

(d) One-tenth that of steel where the strength of concrete is taken as greater than 2,900 lb. 
per sq. in. In calculating deflection take one-eighth of the modulus of elasticity of steel. 

Length of Beams and Columns. — The span length of beams and slabs simply supported 
should be taken as the distance center to center of supports, but need not be taken mater than 
the clear span plus the depth of beam or slab. For continuous or restrained beams built mono- 
lithically into the supports, the spian length may be taken as the clear distance between faces of 
supports. Brackets snould not be considered as reducing the clear span in the sense here intended, 
except that when brackets which make an angle of 45® or more with the axis of a restrained beam 
are built monolithically with the beam, the span may be measured from the section where the 
combined depth of the beam and the bracket is at least one-third more than the depth of the 
beam. Maximum negative moments are to be considered as existing at the end of the span as 
here defined. When the depth of a restrained beam is greater at its ends than at its mid-span and 
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the slope of the bottom of the beam at its ends makes an angle of not more than 15® with the direc- 
tion of the axis of the beam at mid-span, the span length may be measured from face to face of 
supports. 

The length of columns should be taken as the maximum unstayed length. 

Design of T-beams. — In beam and slab construction an effective bond should be provided 
at the junction of beam and slab. When the principal reinforcement is parallel to the beam, 
transverse reinforcement should be used, extending over the beam and well into the slab. 

The width of the slab shall not exceed one-fourth of the span length of the beam; and its 
overhanging width on each side of the web shall not exceed six times the thickness of the slab. 

Floor-Slabs Supported along Four Sides.— Floor-slabs having the supports extending along 
the four sides should be designed and reinforced as continuous over the supt^rts. For rectangular 
slabs in which the length is not greater than one and one-half times the width the portion of the 
total uniformly distributed load to be carried by the transverse reinforcement will be given bv the 
formula r = //6 — 0.5, where / = length and b = width of slab. Two-thirds of the calculated 
moments shall be assumed as carried by the center half of the slab, and one-thirtl by the outside 
quarters. The distribution of loads from slabs to the supporting beams shall be assumed as 
varying as the ordinates to a parabola with its vertex at the middle of the span. 

Continuous Beams and Slabs. — When the beam or slab is continuous over its supports, 
reinforcement should be provided at points of negative moment. In computing bending moments 
for uniformly distributed loads the following rules are recommended: 

(0) For floor-slabs, the bending moments at center and at support should l>e taken as 
for both dead and live loads, where w represents the load per linear unit and / the span length. 

(6) For beams, the bending moment at center and at support for interior spans should be 
taken as W‘1rl\2, and for end spans it should be taken as w*Pj\o for center and interior sup{X)rt, 
for both dead and live loads. 

(c) In the case of beams and slabs continuous for two spans only, with tlicir ends restrained, 
the bending moment both at the central support and near the middle of the sfxxn should be taken 
as w^P/io, 

{d) At the ends of continuous beams, the amount of negative moment which will be de- 
veloped in the beam will depend on the condition of restraint or fixedness, and this will depend on 
the form of construction used. In the ordinary cases a moment of w-l-jiG may be taken; for 
small beams running into heavy columns this should be increased, but not to exceetl wPlii. 

For spans of unusual length, or for spans of materially unequal length, more exact calculations 
should be made. Special consideration is also required in the case of concentrated loads. 

Even if the center of the span is designed for a greater bending moment than is called for by 
(a) or (b), the negative moment at the support should not be taken as less than the values there 
given. 

Spacing of Bars. — Lateral spacing of parallel bars should not be less than three diameters 
center to center, nor two diameters from the side of the beam to the center of the bar. 1 he clear 
spacing between two layers of bars should not be less than i in. The use of more than two layers 
is not rc*commended unless the layers are tied together by adc(iuate metal connections, par- 
ticularly at and near points where bars are bent up or down. 

Reinforcement for Temperature. — Reinforcement not less than one-third of one per cent of 
a form that will develop a high bond resistance should be placed near the exposed surface and be 
well distributed. 



STANDARD SPECIFICATIONS FOR PORTLAND CEMENT. 


OF THE 

AMERICAN SOCIETY FOR TESTING MATERIALS. 

Adopted, 1920, (Effective Jan. i, 1921). 

These specifications were approved March 31, 1922, 
as “ American Standard by the 
American Engineering Standards Committee. 

1. Definition. Portland cement is the product obtained by finely pulverizing clinker pro- 
duced by calcining to incipient fusion an intimate and properly proportioned mixture of argillaceous 
and cal(Mreous materials, with no additions subsequent to calcination excepting water and calcined 
or uncalcined gypsum. 

I. CHEMICAL PROPERTIES. 

2. Chemical Limits. The following limits shall not be exceeded: 


Loss on ignition, per cent 4.00 

Insoluble residue, per cent 0.85 

Sulfuric anhydride (SO3), per cent 2.00 

Magnesia (MgO), per cent $.00 


II. PHYSICAL PROPERTIES. 

3. Specific Gravity. The specific gravity of cement shall be not less than 3.10 (3.07 for 
white Portlanil cement). Should the test of cement as received fall below this requirement a 
second test may be made uix)n an ignited sample. The sjxxrific gravity test will not be made 
unless soecific.illy ordered. 

4. Fineness. The residue on a standard No. 200 sieve shall not exceed 22 per cent by weight. 

5. Soundness. A pat of neat cement shall remain firm and hard, and show no signs of 
distortion, cracking, checking, or disintegration in the steam test for soundness. 

6. Time of Setting The cement sh.dl not develop initial set in less than 45 minutes when 
the Yicat nee<lle is use(i or 60 minutes when the Gillmore nee<lle is used. Final set shall be attained 
within 10 hours. 

7. Tensile Strength. The average tensile strength in ixninds per s(]uare inch of not less 
than three standard mortar bricpiettes comiwscd of one part cement and three parts standard 
sand, by weight, shall be equal to or higher than the following: 


Ajie at Test, 
days. 

Storage of Briquettes. 

Tensile Strength, 
lb. per sq. in. 

7 

I day in moist air, 6 davs in water 

200 

28 

I day in moist air, 27 days in water 

300 


8. The average tensile strength of standard mortar at 28 days shall be higher than the 
strength at 7 days. 

III. PACKAGES, MARKING AND STOR.\GE. 

9. Packages and Marking. The cement shall he delivered in suitable bags or barrels with 
the brand and name of the manufacturer plainly marked thereon, unless shipped in bulk. A 
bag shall contain 94 lb. net. A barrel shall contain 376 lb. net. 

10. Storage. The cement shall be stored in such a manner as to permit easy access for 
proper inspection and identification of each shipment, and in a suitable weather-tight building 
which will protect the cement from dampness. 

4a 641 
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IV. INSPECTION. 

11. Inspection. Evety facility shall be provided the purchaser for careful sampling and 
inspection at either the mill or at the site of the work, as may be specified by the purchaser. At 
least 10 days from the time of sampling shall be allowed for the completion of the 7-clay test, 
and at least 31 days shall be allowed for the completion of the 28-day test. The cement shall 
be tested in accordance with the methods hereinafter prescribed. The 28-day test shall be waived 
only when specifically so ordered. 

‘ V. REJECTION. 

12 . Rejection. The cement may be rejected if it fails to meet any of the requirements of 
these specifications. 

13. Cement shall not be rejected on account of failure to meet the fineness requirement if 
upon retest after drying at 100® C. for one hour it meets this requirement. 

14. Cement failing to meet the test for soundness in steam may be accepted if it i)asses a 
retest using a new sample at any time within 28 days thereafter. 

15. Packages varying more than 5 per cent from the specified weight may he rejected; and 
if the average weight of packages in any shipment, as shown by weighing 50 packages taken at 
random, is less than that specified, the entire shipment may be rejected. 

References. — Camp and Francis’ “ The Making, Shaping and Treating Steel,” published 
by Carnegie Steel Company, Pittsburgh, Pa. 



CHAPTER XVI. 


Structural Mechanics. 

GENERAL NOMENCLATURE. — The following nomenclature will be used for all materials 
except reinforced concrete, for which a special notation is given. 

A = area of cross section. 

/ = length or span. 

L = length or span. 
b = breadth of rectangular section. 
d — depth of section; diameter of rivet. 
t = thickness of plates, etc. 

R — radius of circle. 

D — diameter of circle. 
h — height of wall. 

c — distance from neutral axis to extreme fiber. 

A total deformation in length /, or maximum deflection of beams. 

6 = unit deformation. 

X =s horizontal coordinate of clastic curve; variable. 
y = vertical coordinate or deflection of elastic curve; variable. 
e =* eccentricity; efficiency. 

I =» moment of inertia. 
le “ polar moment of inertia. 

J = product of inertia. 

S = section modulus. 
r =* radius of gyration. 
p — pitch of rivets. 

P = concentrated load or total stress in a member. 

/ = unit filK*r stress. 
fe ** unit compressive fiber stress. 
ft =* unit tensile fil)cr stress. 
ft =* unit shearing fiber stress. 

W « total uniformly distributed load; weight of a body. 

w « uniformly distributed load per unit of length; load per unit of lengch at a distance 
unity from left end for a uniformly varying load; unit internal pressure. 

R « reactions at supports. 

Mg *» moment at any section. 

M “ maximum moment. 

Vg “ total shear on any section. 

V maximum total shear. 

E ■■ modulus of elasticity. 

G shearing modulus of elasticity. 

X * Poisson *8 ratio. 

+ ■“ compresMve stress. 

— • tensile stress. 

643 
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REINFORCED CONCRETE NOMENCLATURE. Rectangular Beams, Reinforced for 
Tension Only. 

ft « tensile unit stress in steel, in pounds per square inch. 

fe = coinpressive unit stress in concrete, in pounds per square inch. 

Et = modulus of elasticity of steel, in pounds per square inch. 

Ec = modulus of elasticity of concrete, in pounds per square inch, 
n ~ elasticity ratio, E, -i- Eg. 

M = bending moment, in inch-pounds. 

M, — moment of resistance of steel, in inch-pounds. 

Me = moment of resistance of concrete, in inch-pounds. 

A — area of steel section, in square inches. 
b = width of beam, in inches. 

d = depth of beam to center of steel reinforcement, in inches. 
k = ratio of depth of neutral axis to effective depth, d. 
j = ratio of arm of resisting couple to depth, d. 

P = steel ratio (not percentage), A bd. 

C = total compressive stress in concrete, in pounds. 

T = total tensile stress in steel, in pounds. 

Tee Beams. 

b = width of flange, in inches. 
y = width of stem, in inches. 

/ = thickness of flange, in inches, 

P = steel ratio (not percentage), A bd. 

See also “ Rectangular Beams Reinforced for Tension Only.’* 

Rectangular Beams, Reinforced for Compression. 

A* = area of compccssive steel, in square inches. 

P' = steel ratio for compressive steel, A' bd. 
ft = unit compressive stress in steel, in pounds per square inch. 

C «= total compressive stress in concrete, in pounds. 

C' = total compressive stress in steel, in pounds. 

T * total tensile stress in steel, in pounds, 
d' = depth to center of compressive steel, in inches. 
z « depth to resultant of compressive stresses, in inches. 

See also “ Rectangular Beams Reinforced for Tension Only.” 

Shear and Bond. 

V =“ total shear in pounds. 

ft = unit shearing stress in concrete, in pounds per square inch. 

/« = unit bonding stress in concrete, in pounds per square inch. 

Zo ** sum of the perimeters of the tension bars, in inches. 
s « horizontal spacing of stirrupw. 

P * total stress carried by one stirrup. 

Columns. 

A * total net area, in square inches. 
i4, « area of longitudinal steel, in square inches. 

At area of concrete, in square inches. 

P * steel ratio, A, -r A. 

P » total axial load, in pounds. 
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DEFINITIONS. — The following definitions will be of service in a study of structural me- 
chanics. 

Forces. — Forces arc concurrent when their lines of action meet in a point; non-concurrent 
when their lines of action do not meet in a point. Forces are coplanar when they lie in the same 
plane; or non-coplanar when they lie in different planes. Coplanar forces only will be here con- 
sidered. A force is fully defined when its amount, its direction, and position are known. 

Moment of Forces. — The moment of a force about a point is its tendency to produce rotation 
about that point, and is the product of the force and the perpendicular distance of the point from 
the line of action of the force. 

Couple. — A couple is a pair of equal and opposite forces having different lines of action. 
The moment of a couple is ec|ual to the prcxJuct of one of the forces by the distance between the 
lines of action of the forces, or the arm of the couple. 

Stress. — If a body be conceived to l>e divided into two parts by a plane traversing it in 
any direction, the force exerted between these two parts at the plane of division is an internal 
stress. Stress is force distributed over an area in such a way as to be in equilibrium. Stresses 
are measured in pounds, tons, etc. 

Unit Stress is the measure of intensity of stress. The unit stress at any point is the number 
of units of stress acting on a unit of area at that point. Unit stresses are expressed in pounds 
[)er stpiare inch, tons iK'r square foot, etc. 

Ultimate Stress. — Ultimate stress is the greatest stress which can be produced in a body 
bef(3re riif)ture occurs. 

Tension is the name for the stress which tends to prevent the two adjoining parts of a body 
from l)oing pulled apart when the Ixxly is acted upon by two forces acting away from each other. 

Compression is the name of the stress which tends to keep two adjoining parts of a body from 
being pushed together under the influence of two forces acting toward each other. 

Shear is the name of the stress which tends to keep two adjoining planes of a body from 
sliding on each other under the influence of two equal and parallel forces acting in opposite direc- 
tions. 

Axial Stresses. — When the external forces producing tension or compression act through 
the center of a gravity of the body the stresses arc uniformly distributed over the area, and the 
stresses are axial stressi's. 

Simple Stress. — If P = the force producing tension, compression, or shear and A — the 
area over which the stress is distributed, then 

/, = P/A; /. = P/A; /, = P/A, 

where ft is tensile stress, /« is compressive stress, and /r is shearing stress. 

Working Stress. — The working stress for any material is the unit stress that has been found 
by experiment to be safe to allow for that particular material to give a properly designed struc- 
ture. The working stres.s for any particular structure dcfx'nds upon the material of which the 
structure is built, the loads that the structure is to carry, the accuracy with which thc loads and 
stresses have Ijccn calculated, the jwssiblc defects in the material, etc. 

Factor of Safety. — The factor of safety is the number by which the ultimate stress must be 
divided to give the working stress. 

Deformation or Strain is the change in the sh^pe of a body caused by the action of an ex- 
ternal force. Deformation or strain is measuretl in linear units. Deformation may l>c due to 
tension, elongation; due to compression, shortening; or due to shear, detrusion or slipping of one 
plane past another. 

Elasticity. — Up to a certain stress in an elastic body it has been found by experiment that 
stress is proiwrtional to strain. This principle is known as “ Hooke’s Law.” The ability of a 
body to return to its original form after deformation is termed elasticity. If the stress in a body 
is carried beyond a certain limit the body docs not return to its origitval form, but a permanent 
set occurs. 
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Elastic Limit — The elastic limit of a material is the highest unit stress to which that material 
may be subjected and still return to its original shape when the stress is removed, and is the 
limit within which the stresses are directly proportional to the deformations. 

Yield Point. — In testing materials a point is reached beyond the elastic limit where unit 
elongations increase very rapidly without any or with a very slight increase in unit stress. This 
ooint is indicated by the drop of the scale beam of the testing machine. In steel the yield point 
is from three to six thousand pK)unds per square inch above the elastic limit. 

Modulus of Elasticity. — ^The modulus of elasticity of a material is the constant, which within 
the elastic limit expresses the ratio between the unit stress and unit strain or deformation. If 
R ** modulus of elasticity, P = an axial force; A *= cross sectional area of the bar, / « unit 
stress =» P/i4; A = deformation produced by P in a length /, and 5 « A//; then 

£ = (PM)/(A//) or £-//a. 


The modulus of elasticity may be defined as that force, were Hooke’s law applicable without 
limit, which would produce in a bar with a cross section of one square inch a deformation equal 
to its original length. 

The modulus of elasticity of steel is very closely E * 30,000,000 lb. per sq. in.; the modulus 
of elasticity of timber is approximately E *= 1,500,000 lb. per sq. in.; while the modulus of elas- 
ticity of concrete varies from E = 1,500,000 lb. per sq. in. to £ = 3,000,000 lb. per sq. in. with 
an average value of £ *= 2,000,000 lb. per sq. in. 

Shearing Modulus of Elasticity. — The shearing modulus of elasticity, also called the modulus 
of rigidity, is the modulus expressing the ratio between unit shearing stress and unit shearing 
strain. The value of shearing modulus of elasticity for steel is about | of the value of £, or 
G = 12,000,000 lb. per sq. in. 

Poisson’s Ratio. — Direct stress produces a strain in its own direction and an opposite kind 
of strain in every direction perpendicular to its own. For example a bar under tensile stress 
extends longitudinally and contracts laterally. Poisson’s ratio is the ratio of lateral strain to 
longitudinal strain, and is a constant below the elastic limit. For steel F’oisson’s ratio is } to J, 
while for concrete it is from ) to 

Rupture Strength. — In testing steel the cross sectional area rapidly decreases beyond the 
ultimate stress and if the rupture stress be divided by the original cross sectional area the unit 
stress at rupture will be less than the ultimate stress. 

Ultimate Deformation. — The ultimate deformation is the total deformation in a prescribed 
length, commonly 8 inches, or 2 inches. It is usually expressed in per cent for a length of 8 inches, 
or of 2 inches. 

Work or Resilience in a Bar. — ^The amount of work that can be stored up in a Ixxly under 
stress within the elastic limit is called resilience or “ internal work.” When the external force 
has been gradually applied all the work may be recovered when the force is removed. 

From the law of conservation of energy the external work due to the force is erjual to the 
resilience or internal work. If a load P is supported at the lower end of a bar without weight, hav- 
ing a length / and a cross sectional area A; then the external work will be }P‘A, where A » the 
total deformation, and the internal work or resilience will be 


X- 



1 

2 



Ai 


when / ■■ elastic limit of the material then ip/E is termed the Modulus of Resilience, 

Stresses due to Sudden Loads. — In a bar acted on by a static load, P, gradually applied, 
the total resilience will be X }A.P. If the load P is suddenly applied we will have K -> A.P, 
from which it is seen that the stress produced by a sudden load is twice that produced by a load 
gradually applied. 
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Impact — The stresses due to moving loads are greater than the stresses due to loads at rest. 
The increase in stress of the moving load over the load at rest is called impact. For a discussion 
of impact stresses in railway bridges see page i6i, Chapter IV. 

STRESSES IN BEAMS . — When a straight beam or bar is supported near the ends and 
carries loads or forces applied transverse to the length of the axis of the beam or bar, the axis 
of the member assumes a curve. The transverse loads or forces are carried by flexure, which is a 
combination of the three simple stresses of tension, compression and shear. For example, a simple 
beam resting horizontally on supix)rts carries a concentrated load. The fibers on the lower or 
convex side of the beam will be elongated and arc therefore in tension, while the fibers on the 
upper or concave side arc shortened and arc therefore in compression. Shear is taking place 
between each vertical plane of the beam and the plane adjoining between the load and each 
support. Since the longitudinal stresses in a simple beam vary from a maximum compression 
on the concave side to a maximum tension on the convex side, the stresses will pass through 
zero on some plane, called the neutral plane or axis. Also since the fibers on each side of the 
neutral axis carry different amounts of stress, they will lengthen or shorten different amounts, 
and there will therefore be horizontal shearing stresses as well as vertical shearing stresses. 

Neutral Surface and Neutral Axis. — Under flexure a beam is curved, and the fibers on the 
concave side are in compression while the fillers on the convex side arc in tension. The neutral 
surface is a surface on which the fibers have zero stress, and the neutral axis is the trace of this 
plane on any longitudinal section of the lK*am. In a simple horizontal beam carrying vertical 
loads the neutral axis passes through the center of gravity of the cross section of the beam, for a 
rectangular beam the neutral axis is at half the height of the beam. Where a beam carries loads 
that are not at right angles to the neutral axis of the beam, the beam is in equilibrium under 
flexure and direct stress, and the neutral axis or line of zero stress will not pass through the center 
of gravity of the cross section of the beam, and may fall entirely outside the beam. A bar caiT>dng 
simple tension or compression may Ixj considcre<l as a beam in which the neutral axis is at an 
infinite distance from the center of gravity of the cross section of the beam. 

Reactions. — For any structure to lx? in equilibrium, (i) the sum of the horizontal components 
of all forces acting on the iK'am must equal zero, (2) the sum of the vertical components of all 
forces acting on the lH*am must iK|ual zero, and (3) the sum of the moments about any point of 
all forces acting on the Ix^am must be equal to zero. Having the loads given the reactions can 
be calculated by applying the three conditions of equilibrium. 

Vertical Shear. — The vertical shear in a beam is cxpual to the algebraic sum of the forces 
(reaction minus the loads) on the left of the section considered. 

Bending Moment. — The landing moment at any section of a beam is equal to the algebraic 
sum of the moments of the reaction and the loads on the left of the section. 

Relations between Shear and Bending Moment. — In a .simple beam canning vertical loads 
the shear is a maximum at the supports and passes through zero at some intermediate point in 
the beam. The bending moment is zero at the supports and is a maximum at some intermediate 
point in the beam. The shear is the algebraic sum of all the forces on the left of a section, while 
the bending moment may be defined as the algebraic sum of all the shearing stresses on the left 
of the section. The definite integral of the loads to the left of the section equals the shear at the 
section, and the definite integral of the shear to the left of the section is equal to the bending 
moment at the section. From the above it will be seen that maximum bending moment will 
come at the point of zero shear. 

Formulas for Flexure. — Applying the conditions for static equilibrium to any cross section 
of a beam we have, (1) Sum of Tensile Stresses — Sum of Compressive Stresses; (2) Resisting 
Shear - Vertical Shear; (3) Resisting Moment — Bending Moment. 

Retisdng Shear. — If the shearing stresses are uniformly distributed the shearing stress 
will be 

/• - V/A. (I) 
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The shearing stresses are not uniformly distributed and for a rectangular beam /» — 
while in a circular beam /, = \VIA, 

Resisting Moment. — The bending moment at any section is resisted by the moment of the 
tensile and compressive stresses which act as a couple with an arm equal to the distance between 
the centroids of the tensile and compressive stresses. The moment of this internal couple is 
called the resisting moment. If / = the unit stress at any extreme fiber on the surface of the 
beam due to bending moment, c = distance from that fiber to the neutral axis, and M = the 
bending moment, or the resisting moment, then 


M 



or / 


Me 

I • 


( 2 ) 


where I = the moment of inertia of the cross section of the beam. 

Moment of Inertia. — The moment of inertia of any area about any axis is equal to the sum 
of the products obtained by multiplying each differential area, d/1, by 2*, the square of the distance 
of each elementary area from the axis, I =* Zz^-dA, The moment of inertia of any section is a 
minimum when the axis passes through the center of gravity of the cross section. 

Section Modulus. — In designing beams it is convenient to use the ratio S = //c, so that 
M — f 'St or / *= M/S, The ratio 5 is known as the section modulus. 

Tables of Moments of Inertia and Section Modulus. — Values of moment of inertia, /, and 
section modulus, 5 , for different sections are given on pages 548 to 551, inclusive. Values of 
moment of inertia and section modulus of structural shapes are given in Part II. 

Deflection of Beams. — In a simple beam carrying vertical loads the upper fibers are shortened 
and the lower fibers are lengthened, while the fibers on the neutral axis arc not changed in length 
but the neutral axis assumed the form of a curve. The differential equation of the elastic curve 
of a horizontal beam carrying vertical loads will be 




(3) 


Substituting proper values of E, I and M, integrating twice and giving proper values to the 
constants of integration, the values y, or the deflection may be calculated for any point in the 
beam. The equation of the elastic curve of beams of various types are given on pages 649 to 
665, inclusive. 

The maximum bending moments and shears in beams due to moving concentrated loads are 
given on page 660. 

The moments and shears in continuous beams are given on page 661, page 662 and page 663. 

Formulas for stresses in reinforced concrete beams are given on page 664, and stresses in 
columns, safe working stresses, and safe loads on slabs are given on page 665 
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! Axial Tertsion. 


Unit tension on m-m, 

.F 


J... 

i 

Total tension on m-m. 
rn 

m 

— 1 — 

...1.. 

P^FfA, (b) 



! 

Area For given stress. 


1 

i 

A=t • (c) 


4 - 


i.SiMFLF Shear. 


where A = dree section m-m I 


Unit shear on m-m, 


FY=f‘ (^) 

/7.J 

V: 

\ 



Total shear on m-m. 

. 1 



rp P=F^A, (b) 


-"4- 


^ Area For given stress. 


T\ 


A-f > (c) 


i 

‘"T — 


where A =area section m-m , 


L Axial ConpRessiott. 

i p Unit compression on mm, 

4 -/^ » (a) 

^ j ^ Total compression on m-m, 
p.f^A lb) 

! Area tor given stress, 

1 1 

^ where A -area oFsection m-m . 


4. PlACONAL 5TRE53E5:TeHSILErORCE. 

i Unit shear on n-n, 

n 0 - 4 ^ f^j^sinie-'^FtsiniU (a) 

i—J — Unit tensionon n-n» 

j (d) 

m Jp MdX-unit5hearonn'ni 
“Tx Ajyf; e^45^: (o 

\ nax.onit tension on n^n, 

r— * a -90^; (dj 

p p 

y f Ht/?ere/}=‘7, A -area of section m-m. 


5. Diagonal DTPr55f5: CoiiFRfwvffo/tc^. e.DiAoom 5m5)D: TEMOUG&^HEAFmfoRas. 

Unil shearonmn, Max. umt shear on n-n; 

A NxUnie^l(sinl$i(a) ^ P ,0 F- [TUf/jUanieHLm 

^ N^' — / L 4 J Ct^ 

F^^sin^e-llsin^R (b) Max.unit tension on n-n, 

en JP /lax.unit shear on n-n, m 

r*' f-Lp ’Pis4tP^' fr\ ^ ^ f. L [ 4J 

\ iiaxinitLpressiononnn. /’ I ' Flax un,tcomprop,onono- 0 ; 

^ ^/7 P-ltpfficoiie-Tpc) 


^n /-/f; d-90^; (d) / 

htfiere f A ^are^ section m-m ^ " 


nrhere J- area sec. m-m 


lDJAOQUAL57fDGD:CONPff35NFi3tiM 3, tLUF5[Or5TFf35:TlVOLm5TfF5St5. 

«| Maxunit shear on mn; d 

rV rFcifNlL 9 /) P 7^. Feowred Umt stress c 


r'* 

> 

m 

\ 

‘V 

< 

\ 


OnFon: Unit stresses onCPhDf. 

Feqwred Unit stress onCf. 
77/ UyoffAUandSO^unit 

M -L • ^ stresses on COhDt.litaaf 

tfax.omtcotmesimMmn, / \ cirdesmVMrmtlloCF. 

l;cotte»-A\U^I i ntfandnfparalk/hAO 


1 \1 Max unit tension on n-n. 


f and 60 ThenfO^onitstr 


inhere f‘=£;J^’^;A^areasec.m-m. | ^ 


essonCf.fUsjhjt-unit 
\ i norma/ stress. fOcos^ 

omt shear, fii/pseh 
y*. tbcoaoFT/brM- 


aesofd. 





650 


STRUCTURAL MECHANICS. 


Chap. XVI. 


9lLASTICD[mmmt:TO1SmAnDC0f1»{£S5l0f/. IO.£LASTICD£FOmATION:SHEA/{. 


.-y ruE 


/M Im . 


t1oelulu5 of E/astkity, 

. F-f.P/A.El ,,, 

♦ ; Total deformation j 
i Unit deformatkin, 

-* H-& - 

ivhere A -area section fTHn. 


.\P..s. 

I 


Pll 


Modulus offlastlcily, 

O.f-.mM (a) 
s 27! AA ^ ‘ 

Told! deformation, 

6 AO 

Umtdf Formation, 

H^fo 

where A=drea section mm. 


I! ULnMAT^DnFORrr/!Tm: 


Percent elongation, 

^■/OO (a) 

Percent reduction of area, 
(b) 

2= Origins! length, 
l‘^ lengths! failure. 

A Original section ares, 
A ''Ares ruptured section . 



//. THinPiprsAnDCnmeRSdnmfi/iLFRessuRr, 


Longitudinal rupture, sec.mm, 
V 

c> I rc 

Transverse rupture, sec . n n. 

^ I kv* unit interna! pressure, 

. t Seth longitudinal and trsns- 

h ^ verse stresses are independ 

ant of the form of the ends. 



13. 5rR£S3csiH3ipmR}vmDLApJoidTS. 

j Umt tension on plate, 

frP^fp-cUt (a) 
P dnitcompressiononriyet, 
(b) 

^P\ xl ^ Umt shear on rivet, 

p\-\-0 \p (c) 

.j j- 


14. Smessiiifi Double RiytTfoLAF J oints. 


15. Design OF Single Riveted LapJotnts. 

See Fiqvreobore. For Butt Joirrh see Chqit.lWI 
FlosteFFicient joint For cyJmdersandpipe, 

t. ; d- ir 2 t;p.fj 4 p: 

Ffili' EFcC ' nF^ ftJ 
(a) 0) (c) (d) 

Host eFFkmtyiint For given ihiduKssp/ate; 

■‘■nj H'!7‘ 

(e) (fj ^ (g) 

Porjmi5mthrporellRntwormofrhet55eeCi»pt.XVP^ 


Tor longitudinal joints fn 
pipes or cylinders P^^ivPpjfd) 
D^diam. pipe or cylinder. 


— ^ Unit tension on plate, 
PrPHp-dH (a) 

/> -| jy^T-j Unit compression on rivet, 

“P Fc-PrFtd 0 ) 

I b’. l/nit shear on rivet, 

1 ® i 7 « 

4 _ _ {. ^ for longifudinaljointsm pipe 

; I or cylinders P'^iv dp, (d) 

D'diam. oipfe or cylinder. 


l_, 

p\^ \p 


16. DtsiGtiorDooBLF RivtrnD Lap Joints, 


See Figure at?ove. 

Most efficient joint For cylinders and pipe, 

(S! (b) (c) (d) 

HosteFFicientJoint Forqiven thkknessplate, 

”■['72' "F'-' 

(e) (Fj (q) 

ForjohtsivithmorettitntmrmefrMsSteCInptXy// 
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17 . Formula. 

Fiber stresi due tosqiven moment /o3gi¥e/}i«i/ri 

C- , . 

r- -y7 (<^) 

Moment to cmed gimfiber stress h a qmn beam, 
M=^ (b) 

becthn modulus For qiyen moment and Fiber stress^ 

rc; 

Moment oF inertia Forgiven moment, F/berstress 
end distance to ertreme Fiber, 

/= ^ (d) 


18. FLAsr/c DcrLecT/ou OF Beams. 

PlfferenhdleqoationFromufhidiegmtionofelaitic 
cureehfound, m, 

To determine elastic curve, t¥/>en land Tare const- 
antj integrate trvice determining constants of 
integration by substituting knorvn vakres of slope 
anddeFlection and corresponding ya/uesoFjc . 

The equation oFcurve changes at every cancen' 
trated had but is same throughout for uniform 
load or for uniform iy varying ioad. 


19 . dHTAmno 5 TFT 55 r 5 JnBrAri 5 . 


Average unitshearing stress, 




A/ ■ , , 7^ r Unit boric onla! shearing stress, 

(l^^glt^dinahLr) 

— Fv^VTn,, (b) 

Oh centroidof . /f . . . 

shaded area ^ - static ipoment of area, 

above sectionconsidered, about 
neutral a vis. For horizontal shearat m^m, 9rj ^ 
area of shaded portion mu/tip/ied by z, the 
distance to its centroid. The max. unit horiz- 
ontal shear w Hi occur st the neutral axis. 

The max. unit horizontal shear for a rectang- 
ular beam average unit shear, for cira/lar 
sec tFon,j,and for an I-beam ma y be as much 
as times average unit shear 
For rolled or buiit Ibeam s the max. unit 
horizontal shear very nearly eguah Hie total 
Yerikahheardivid^ 6/ area of web. 


ZO. CoLundFoRnULAS: A xial Loads. 

Straight Line Formula, 

^=a-3- (a) 

A r 

For constants cc and f see TableIXpage 104. . 
Fankinesf Gordons) Formula^ 

(d 

For constants cc^andSseeTablelXpageSO. 
Tu/erb Formufa, 

p M 

According to Merriman oc *hds the 
following values; 
doth ends hinged, 00"-^^ 

On e end fixed and one htnged, ec'*~Tgfl^ 
Bothendsf/xed, cc 

h Toler 's Formula P=ullimate strenglh. 


Z! 7bR5iori OF Shafts. 

. Got id round shaFts, 

( A Pe^^J^nd^F 


F=SZI,OOOjj^S (bJ 

J.6S.sfg <C 

Solid square shaFts, 
Pe.ld^F (approx.) id) 
F.r84,0O0Xy, » ie) 


h ---1 


HHorsepomr. 
t1*rev. per minute. 


d.6S.7^JF 


ZZ.STFCSSeS m BOORS: XpprojrlmabtSo/utian. 
5 I I tiaximum tension, 

I « 

^ / J where A ^area of sec tion 

li!! ( m-m, e * dhtance from line 

^ \TSk/ j of action of toad,FI to cent- 

^ raid oF mm, c- distance 

%. \d'C p from centroid to extreme 

I ^ ^ Fiber on tension side,!^ 

^ moment of inert ia of sec- 

S F tion m-m about axis thr- 

ough centroid* , 

for exact sohtion see 'Slocum and tfancock^piSL 


INC / 
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Z5 Plate OiRD^RS: See dho Chapter XVH 

^iJTIomenla/L carr ted bjf Plunges, 

M=A‘^fh 03) 

(IjOne^eighthdrea oPtved aya/Zad/eas PJange 
area. *E^m>)PZ) (b) 

(5) Moment oFtnertia oFnet sect /on, 

(c) 

(4) Moment oFinertia oFqross sect /'on, 

(di 

Afanc/A,^-netdredoFoneFbngeandgroS5 area 
oF e/ebylana! I = moment oF inertia oFqross 
and oFnet sect ion, h ^ dnl. ^toi oF Flanges, 


Hi 

H 


24 UnsrtltinmL LOADbOnStim/ipproxifniteSoluthn. 

tl'max moment For yertiu! kddi 
\ ' If - momentoFinertia.axis h! 

\ If - moment of inertia, ax/ 5 22 

I 

X Max compres3/ve Fiber stress, 
tensile Fiber stress; 

Ci- 


Z6.n EXURtAnDDlR£CT5TREt>5. 
Fkxurttnd comprenion, 

P Tic 

Flexure and tension, Fr- i 


Flexure and tension, Fr- i 

Jit’ to For both ends hinged, 24foroneendhinqed 
and one fixed, 52 for both ends Fixed t 
P Me 

Approximate Formula, F-Ft’j-J <^1 

For direct stres s either tension or compress ion. 
tl may bedoeto neiqht oFmemberorto external had. 


21 True 5tpe5% 


F=^P,-hW P-FfsinatJd 

M-Fle f We ' t1^PjSina:e-ffcosatHm\ 

Stress atm, t.P Me , Stress atm fc^P Me . 

A In' Tin' 

• moment oFinertia oFsection m-mabovtaxisn-n, 
A -area oFsection m-m*. 

Line oF action oF resultant, x-MrP ; 

IF there is tension atm and sect/ommU not take it, the 
stressatrp '*0 and at m*jP( j -x) For rec tang. sect. 


A'Po/ssonsPatio, 


F,F,,iFj ^apparent unit stresses, 
tiftfit^ -true unit stresses . 
t, • Ff'A ^’AF^’, (a) 

t/Ff-UF’AFj ; (6) 

t/Fj’A^-AFff (c) 

iFany stress is tension chan- 
ge its sign in aboue Formulas. 
A ^ j For steel and wrought iron. 
A -j For cast iron, 

A ^fj For concrete. 


Z8. Cylindrical Pollers. 

Unit Stress For given bad cSSW^ElJ , , 
and roller, 7//W / 

Length Forgiven load, diam, .^,FJ,]F , 
and.un/t stress, ^’’ZfDLFFJ i 

Tot a! bad For given roUer Zj ppf ?[]} (c) 

and unit stress, / 5 Ji^ 

L oad per unit length For wnloFf^l^ r^i 

given roller and un/t stress, 3 llJ 
D ^ d/am, oF roller, L‘ length oF roller, 
P^modulus oF elasticity. 


19, TtnCH Pipe 5 AND Cyl HIDE R5: Internal Pressure. 
^ — V. Maximum unit tension, 


wm'-rn ft. 


Maximum unit compression, 
Fe'w (b) 

Thickness For given pressure, 
umt tensionand internal radius 

w unit intern a! pressure. 









^Centroid 4, 
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30 , 3 TJ^e 5 St 5 /rfrLAr Purf 3 ’l/m 0 R/^l 04 D. 3 L iVORKOP P 35 /LI 3 MU. 




Circufdr Plate; ' 

CircumPerence P/xed, 
f- 43 !!!PI^ 

64 

Circumference supported^ 
f- 

' Hdt^ 

Rectangular Plate^ 
Circumference fixedj 

fr 

Circumference supported, 
Unit 5 tress is ad out / 
ita! for circurr?fererfce fixed. 
Square Plates^ 

, Circumference f/xed, 

' 4 t^' 

Circumference supported, 
Unit st ress in about j that 
I for circumference f ixed. 

See Chapter Ylll,p 395snd fable US. 


BARS. 

Work done in stressing a bar be/o^ elastic 
limit. From OtoPjOr Otofy 
K--jPA--{F 6 Al--;(p)Al (d) 

FromPftoP^ or f^tof^y 

-If; A, ( b ) I 


Beams. 

DeF lech’on under one had 

y-lf^Sx K--ftU 

^ pj ft'' Jit I 


Deflection at any pointy 
fM^n'Sx . 


ivhere fijf -moment at any point due to 
given hading and M = momentat any 
point due to a unit load placed at the 
point at hie h the ede fleet ion is req- 
uired. 


:i CChTnClD (CChTi'ROF 6 RAVITY ). 
y ^ Oe^era! Formulas; 

\ [Fi ^ f.SA fxSA , . , 

t ^ ^ S ydm {,p. 

fig! Structural sections canbe 
Y di vtded into finite elements 

A ■ • y the properties of which are 

^•^1- ] ■ known. The n{a) and ft) become 

(C, 

/ ^ 3tatK moment about gkener/s. 

. A ‘ ,<;i / T /9 figt let A, ,Af,Ay and A ^ = 

Ti'^i V ' - . areax of top b, bottom D, cov. 

• o '[ "^.pl-^nbwtbas dnd^.yi'yj’h I 
"fF, r ■ “is ‘ be ordinates of their centroldsA 


Fig}. oeoramaces or cneircemi 

-paraiteh ^ jc^O by symmetry, 

.A ^ a Sn A l/aA 1 / xJ tj a 


ptroidApA,^^ Pxi&r 




4 ,eAfeAjeA 4 


Fig} Centroid of trapesoid 
F/q.4 Fig4,Centn>Klofanytmareas. 


33 . flOMctiTcrinsRjiA Ann Product OF UifRT/A . 

Y 6 A Oe ne rat for mu/as f 

»- f-'*\ Ix-fy^ 6 A 

y '^r />-AVa 

; -> ■ - Jfd/xy SA 

ylArfaA^F ■' iF ' 


y AreaA^^^ 
cenirdi 




Trans formation Formulas, 
I,^IyAdi-Ip/pAdi(a) 
r, '=i^^td^)rdjr/-dW 
Jjyy --Jee'-hAxy, (c}\ 

l 2 ~Tj( hTy id] 

(e) 

lu^h-Ix^Iy 

Xr ^idx 'Yyjsii?/^ iJj^Y^ost^ 

Principal foments of Inertia; 
tan fa 

I. ^IjfCDS^afJr^'n^cF^fY^nla 


Axes are designated by subscripts • 
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34 • CAHTtLeVBK BtAM WITH LOAP, P,AT FPCP EhP • 
y// End Peacf ion, “P- 


' ; ^ Beam Shear ai any poind, 

.< k >1^; Moment at any pointt 

I j ^ Maximum Mom^nt^j M** PI* 

PI Moment- f^uation oF P/ast/c Curve, 

"zr. 

I — " ^ Curve- 


55'CAHTILeV£R BtAM WITH UWFORM LOAO, PER UNIT OF LENGTH’ 


\p Shear 
Diagram 

Pj Moment 
Diagram 

^ E/asfic 
Curve - 


w per unit cF lengths 


U:— >i 




wl Shear 
J Diagram 

Moment 
^ Diagram 

■ ^ Elastic 
Cy. Curve 


End Peacfion, P^-wl- 
Shear at any point Fx^ v/x- 
Max- Shear) F- wl- 

Momenf at any point, Mx ^ ^ 

Max - Moment, at Right Support, ^ 

Equation oF Elastic C urve 

y=^jf(x*-4Z^At3l*J 

A = ad* 

^ 8EI 



36 Cant/levbr Beam w/th Concentrated Load,P, at any Point ‘ 


End Reaction, Ri - P- 
Shear between P and Support * A 
Moment between P and Supporh>P(x-kl) 
Max- Moment, at Right Support* P(l -kl) 
Equation oF Elastic Curve between PSR^ 
y^^I}kl^+32^tx>-3kU^-5i^xmi^x) 

p , 

Pet lection under Load, A'=’jf/(l''kl) 
MexDePlection,A=^.(Z- 3 k*k^) 


\p Shear 
\ Diagram 

$ 

^ Moment 
\ Diagram 

% Elastic 
^ Curve 


37 CANT/irrER Beam hutn /ARiAELE Load 


wx per ^^ILespMi^ 


□mrrmw^ 

aiMITT] iv/" Moment 
^ Aiy/w/77 


t ^ \y/ . 

. ^ Elastic 

^ W* Curve 


End Reaction, Rt « ~ • g 
Shear at any point, 

Max- Shear, F" 

yk/J(S 

Moment at any point, Mx " • 

Max- Moment, 

Equation oF Elastic Curve 
Max- DtPiocf/on, 4" 
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3S.5IMPLE Beam- Concentrated Load at tne Center^ 




5he3r 

D/a^ram 

Moment 

Diagram 

Elastic 

Curve 


K- ^ EndEeact/onsjPj 

, X i 7 ' Ap Beam Shear at any point: 

S-- — -. — I >- ^ Befiveen EjCiFand hetiveenPBt^i. 

1 1 1 1 H M 1 1 ' ^ Shear Moment at any point : 

1 1 1 1 1 1 1 1 II ^ Diagram Beftveen F/ Si P; Mx ^PjX * -yX- 

i Between P Si P^•,Mx^RlXrPfxri)^§fl-x,) 

^^fTTTtfnfllTTTTY^ ^Diagram M =^Pl, occurs 

Bettveen P & Rz-, symmetrical abouf csnter- 

<-X^^r\ Max-PeF/ection; A £|* i • 

< AV H eO £1' Z 


39 -SjMPLB BBAM - CONC£NTKAT£D LOAP AT ANY PpJtfT. 
h Fnd Reactions: R,= 

^ ^ Shear at any point 1 . . 

r J , J g,g„ Between R,&P, =R, = cUr±J. 

<-%=; i V‘ Between PFiRz,y^^Rz^fy- 

I Max-Shear; ForaC^, yip, ;fora>f,y’‘Rz- 

■< 't- >1 Moment at any point : Pfl-a) 

{ llllll j gk.gr Between R,^ Pi Mx^Rx^ — T~^'fY7.,) 

■ I [ j M II I ] [ ["['i ^ Diaaram Between P Si R^-, Mx ^RtX'-PCxra)^ — ^x-P(x-a) 

MaxMoment;M‘Ra-.P-(ip^a;occursiiPx^a. 

■ Moment Plastic Cur^e and OeFJections: 

^it l l l fil lli nTrrr^ Diagram SefweenR,B:P;y=^d^ (Pla-a-x*)- 

n.sHc ^ 

:^M-? — c.ry, 


ty fA ,y,\ 


I X ' 


Shear 

Diagram 

Moment 

Diagram 

Eiast/c 

Curve 


Max-BeFI-jayfA^^^pa^^iZdi^ 


40‘SJMPLe Beam -T wo Ecual Concentrated L uADS,SrNMETR/cALLY Placed- 
^ \D End Reactions ; Rj -Ri =* P- 

Shear at any point : 

; ; I I \p Bet¥eeen Ki and leEt P; Vx^ P* 

' K- ►) 1 I I 1^'^ Between Loads; Vx- O' 

• I Between right P and Rt; Mx^P* 

|< [ — ?. ! -H Liax' Shear, V^P- 

’rrn-rn ! j Moment at Spy po/nt : 

^ llllll I t Shear Between Rj and left P; Mx •‘Px - 

I .* p Diagram Between Loads ;Mx^Rx--P(x-a)" Pa* 

! UlLUJ MaX' Moment ; M^ Pa- 

I ”}IJ| 1 irhv ' Moment Eiastic Curve Si Deflections : 

g1 ll l li rH lllll [>. j Diagram BttwaenR,RlaFt P; y=^^(3la-5a*-x*y 

Rlastfe between Loads; y, (3lx-3x*-3‘) • 

Curve Between right PSiRtisymmefiicai with left load SiRr 

MaxDaflacfian;A-^. (31-43*)} 


Shear 

Diagram 

Moment 

Diegram 

Elastic 

Curve 
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41, Simple Beam- Uniform Load- 

2 M Redctior7s •' X/ - X? - ^ • 

i5<?<3/77 5hedr jL 3 ny pcinf-: 

►j Mdjc ^hear ; ~ ; occc/rs af e^ch suppcrL 

' Shear Mamenl al any pr/nf: Mx = --p wx^ 

jj ^ Diagram Moment-, M occurs at rer7ter- 

• ^ ^ Elastic Curve and Deflections : 

^ Moment .i) 

: Diagram ^~F4Er^ 

^Cufe OeFIecfhn; A §r>X=j- 


Max Deflection; A -jg^ ^ 7 '/ JT = 
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45.BeAM OveR-HAH6IN6 OhE Sl/PPOPT - Uf/fPO/^M LOAD- 


tv per i/nif’ /en^fh 



Shear 

Ofagram- 

Momerf' 

Diagram 

DIasfic 
C urv'e 


Reactions * R/ - Rr -f-tv/n \ 

Shear at any point : * 

Beftveen R, BP R^ ; Dx-R/" • 

Between Rz and fnS^ Vx^ ^(h?-x^) 

Moment at any po/nt: 

Between R/ R'R^;Mx ^R/X, - wx 

Between Rz Bi Bnci;Mx - ^ (p?-xi) « 

Max Positive Moment ; M ~ occars when x « 

Max- Negative Moment; tf « ■twm^;occi/rsatx=^Rz- 
Blastic Curve and Def/ect/ons . 

Between R/RRz;y-^/[tRi fxf~ix;) - w(xf-7 yjj 
BetfveenRz(RBnd;y^ lw(6n?^Xi~4mxif3Zxyxf)''8R,txJ^ 


4 6' Spam Ovpp-hah6W(9 Onb Support -Concpntpatpd Lcad at any Point- 


V-Xz 


Shear 

Diagram 

Moment 

Diagram 

Elastic Curve 


Shear at any point: 

Between R, R : Pjt ’Rj} between RRRr; Yx 
Between Rz Si Pz } Px - Re* 

Moment at any point : 

Between Rj ^ P, ^ Mx-R/Xj- 
. Between Pi Si Rz ; Mx -RjXz -Pj ( a -f-xz - 1) 
Between RzS" Pz; Hx - kfuJ-xR • 


47 -Bf AM OVBR-HANOING BOTH SUPPORTS 
w per unit length Reactions : h 



• xi I 

I 


Shear 

Diagram 

Moment 

Diagram 

Elastic 

Curve 


^ Supports ~ Uniform Load- 

Reactions : R/ - EilfFt H) ; Rz u H) -m ^ 

Shear at any point : 

Between /eft end ^ Rt i I7x = wSm-xJ 
Between R; S Rz ; Vx^ Ri' wi'm-^xz) 

Between Rz S right end Ex - v^ fn-xj) 

Max Shear; 7*^ v/m, or Rj-wm- 
Moment at any point: 

Between le 'pt end (S Rj;Mx - / wfm -x,) ^- 
Between Ri Si Rz ; Mx -y v/fm rxz)^~R/Xz • 
Between Rz Si right end f Mx^ z ^ p 

Max Positive Moment; M^^RC ^ •- m), occurs at Xz 
Max’ Negative Moments;Mi=j wm*atR/; //= j wn ^at Rz 
Points of CcntraPiexurv; Xo ~fR-m)tl/f'SL)^^ SR m - 


48- Bbam Over-nah6ih(S Both Supports - two Exterior Concentrated LoAot 



Shear 

Diagram 

Moment 

Diagram 

Elastic 

Curve 


Reacf/ons. R,= dSlZ^^-R, ■ §2::^ t Pz- 

Shear at any point: 

Betwefn/tSR,;Dx-R cRSiRz, Px ReSR, 

Moment at any point: 

Between P R Rt ; hfx P Cm-xJ 
Between R ^ Rz ; Mx-Pm E(7)-Rijxz • 

Between Rz Si Pz ; Mx^ Pzfn -x^) 

Moment at Rti pm ; at Rz, H-Fzn- 


43 
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49 •Beam Fixed at One End and Suppopted at Otner-ConcentpatedLcadatanyPoint 


FndRedcf/ons // 

3he^r3f3nypc/nt:BetwftnFi&P,yx^P,; between PdiRzj ^ ^RrP 
Mment3f$fyymPJefmenPEP:Mx ^Px, between PdiPyMx ^Pxt -P((ri 
MdX‘P>sJtiveMemenf:M^R,df occurs under feed- 
Max Negeiive tiomenP, M=P/ IPfl’c/, occurs at Fixed end^ 
Point of Contra Flexure: . 






Elastic Curve dc Deflect ms : 


Shear 

Diagram 


Stic c urve oc Uenectms : ^ 

BetweenP,diPiy-^jl3Pfx-Px^- BPfl-ajW 
BefweenPdIR^;y^^j[Pf(BV-3lWx^)-3PaCZ-xfJ 
For a= (1414 1; MaxEefl; A“C009S^l occurs under load- 


Elastic 

Curve 


I 1 If P Is a Moving Load : 

iy(|| It i.Thv I , ^ b solute End Reactions : 

I j I M* Moment ^ryp occurs when a ^0;Rz=P, occurs when a= I * 

1 ^ Diagram Absolute Maximum Shears : 

j ! j PrPiOCCur5when^^C,^tx’'0;P^^P,occurs whena’*l,atX“l- 

p ^ I Absolute Maximum Moments : 

I M Max-Moment Is negative and Is M^OdBZS PI; occurs 

ir — r ^ Elastic at fixed end when a^ O' 3 774 Z • 

^ Curve Absolute Maximum Deflection z 

A- O' 0094 occurs under load when a"0'4l4Z* 


30 •Beam Fixed at One End and Buppcpted at Other - Uniform Load • 

^ End Reactions: Ri^fwZ; Rz-jwl> 

^ Beam Shear at any point: Kx^wCfZ^x)* 

^ Max 5 hear;F==f wZ, occurs at ripht support. 

ITn>Tv^ * Moment at any point: Mx’^wx 

Lfi ^ I I Shear MaxPo 5 ltIveMomenf{M*^,^ wZfo^ursat x - §-1 • 

' >flTTTTTJTT=i^^ ^^'^ 9 ^^^ Max-Negative Moment; tf " :j>wZ; occurs at right support* 

'' I/m 1 1 1 Iti 1 ITn^ I ^ Point of Confraflexure; Xc^^^Z* 

— A C _ Elastic Curve and Deflections z 

y-m-^irurtV] 

Usstjclurw Max-Deflection 1/^^= 0 - 0054 rr>X-C- 4 mi- 


fnd fesethns: f, ‘fwl; Ri=jyvl • 


h* — iz— 


Shear 

Diagram 

Moment 

Diagram 

ElasflcCurve 


SPBeam fixFD AT One End Supported at Otner-Cpncentrated Load at Center* 
g. End Reactions: Rr-^P:Rt*TlP- 




k- ^ 




End Reactions : Rp-^ F; Rt P- 

Beam Shear at any pm Int: 

Between Rt 3 P, Vx°£P; Between P 3 R^; Vx’^j^P* 

Max- Shear; occurs at R^ • 

Shear Moment at any point: 

Diagram Between R, 3 FiMx^^P;BetwefnP 3 Rt ;Mx ^iPZ-jsPx- 

Max Positive Moment: M**^ PZ, occurs underload* 
Max- Negative Moment: M*^^PZ, occurs at Fixed end* 
Moment Elastic Curve 3 ? Deflections : 

Diagram Between P/RP; y (Sxf-Bl^) • 

Elastic Between PSR^;ym^J^ZZ^HS^i(,-^ 4 lxtfnxl) 

Curve Max Pef lection; A^MBBSZ ^ 0 - 4472 1 • 
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52. B^am Fi/.eD AT Both Bhds - Uhifohm Load- 


^ w per unit Ungfh 



Shear 

Diagram 

Moment 

Diagram 

Elastic 

Curve 


End Eeacfians ' Fj • 

Shear ad any point: Ex ^ ^tvZ-’tvx- 

MaX' Shear i V^^wl, occurs at supports • 
Moment at any point: Mx • 

Max- Posfi/ve Moment)M=^tvZ^occurs at center. 
Max' Negative Mamenf; occurs at supports. 

Points of Contrafiexure ; Xo^ OEiiS I } xi=0’7S87Z* 
Eiastic Curve and DeEiections : 


X-f- 


S3 -Beam E/xfd at Both Ehds - Cohcfhtmtfd Load at Cfhthr^ 

End Reactions: Rj -R^ * 

Y Shear at any point: Ex -jP- Max- Shear, E= ^P- 

\ Moment at any point: 

||||{||I| I Shear 

m]]||'|[|£ Diagram Between P& Rt ; 

UJJJJiiLLl ^ Max-Positive M0aient;M= ^Pl, occurs af center- 

I Max-Negative Moment ;M PI , occurs at supports. 

! Moment Points oE Contra ftexurej Xo xi^^^Z- 

xl '^1 M Elastic Carve and PeEiect/ons : 

yi'l'iik ^ Elastic By^nR,pPjy=JE(-ixffp- 

T.^ ^ Between Poe R^: Symmetncdi- 


Shear 

Diagram 

Moment 

Diagram 

Elastic 

Curve 


S4BFAM Fjxed at Both Ends- Cohcehtrated Load at ahy Pojht- , , 

I o . p. = p UCIslW . D.=P i!LB±tPl 








» -A i 


End Reactions :Rj^P tJL9^-R^:=p 
Shearatany point : Between R/ kP; EjtRitBetween PSiRij E^ */J 
Max- Shear; V-Rj EoraC,b; E^R^ for a)> b • 

Moment at any point: 

Negative Moments at Supports; Mt^-'P 7>y Mb = "“P '~E»' 
Between RftiP; Mx =*RjX -f-Mj • 1 Note that M/ carries 

Between P&^;Mx=RxE’f‘M,-P(xj-a) ) a minus sign. I 
Max BfsitiveMomenfsM^Rta'f'M,; occurs under load. 
Shear Max-Negative Moments occur at supports: See ahovw. 

Diagram of Contra fJexffre;x 0 } Xo - Z- • 

Eiastic Curve and DeEiections : 

Between RtBiP;y^ §yml3al-3ax-bx ] • 

Between P and Rx; yE^^sl^^^'^BsZ-BaxrbjJ- 

M n er kl a ZpJr t Eal 

M»rD.f/;wh,n 

lE P Is A Movme Load: 

AksokjNNaxSbears;S*P, occurs atRj when a^C; afRz when a^t' 
fst/c AtseieteMaxNegafhe Moment; M • ^Pl; occurs when a»y I • 

rye AtsobfeMawN^afhmMomenfjMt^^PZ; occurs when a^'f- 1 * 

AhoieteHax-M$iMveMement;M‘‘ B-Pl;eccurs when 
AhokteMax- DeEtection; A occurs when 


Moment 

Diagram 


Eiastic 

Curve 
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55. Maximum 5hear 5 AtiDMoMEmsiM S imple Beams for Moving Concentrated Loads. 

Criterion For Maximum Shear. 

The maximum shear due to moving concentrated loads will occur at one support when one 
oF the loads tsat that support and will equal the total reaction. The had giving the maximum 
mutt be determined by trial. 

Criterion For Maximum Moment. 

The maximum mom ent due to mo ving concentrate d loads will occur under one oF the 
loads when that had is as Far From one end as the center o Fgra vit y oFallthe bads on the 
beam is From the other end. The loadgiving the greatest maximum must be Found by trial. 


For beams fixed at one or both ends and carryingone had, see 49and5J, in this chapter. 

a. One Load. 

b. Tm E qual LOA05. 

0 0 

C-— J - J 

R,t J y 7 

i ...J 

Max. Shear, /-O; V-P; at Rf . 

Mau.Momnt.X-h M-'IpI.; at P. 
c 4 

Max. %ear, 0; P.pLI ; at R, 

MaxMoment, X--i(Ei): M=p(lJj;at t . 

IF a is greater than 0. 586 one had gives max. Na^ina, 

cJHRee Equal Loads, Equally Spaced. 

a a 

^ 

^...0 0 @ 

d. Four Equal Loads, Equally Spaced. 

R,^ ! X 3 ^ Rz 

it ^ 

it z 

Max.5hear, X=aj V-5piy ; atR,. 

Maj(.Homent, X‘^2; ?-aJ;at P. 

IFais greater than 0.4SOT., two bads givemax.Nasinb. 

Max. Shear, X=a; V=4 P^f:^ ; atR. 

Max.Moment,/-l(2-la); M-PfL-Ea ^fjj at 2. 
IFa is greater than 0.2681, three bads gtvemax.Mas in c. 

ft Iwo UneQuAL Loads. 


^ 

X i A yf, 

' rm ->* , X 

L 1 J 

R,l> X 1 \Z i l^R, 

' f-» ->H • £ 

i* 1 j 

— ***->* 

nax.Shear, X^O; V-P*R t?; atR, . 

tftt.Momnt, X.jjl-^JsM’fPt^Rjjjal R. 
Max.mcm ent occur For one bad as in a. 

MaxShear. X-a;V--P^I^?lM2R(l±t)JiatR, 

t1ox.t1oment,X»^li‘^^^J;li^ ^^-Pa;at8. 
Max. moment may occur For two equal bach asinb. 
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36. COfiTINUOUSBeAMS, UmrORMLOAOSj CONSTAHT MOMCnTOFinmiA AliOMODULuSOrtLAST/Cirr. 




lodc/per 

unitlength^ 





L ^ • In*-! . ; 


^ . 


5pan, iStspan^—sparP '•^../?!-r.^PA'?...Xi. 

Length, I \ h ^ L >L ' 

Support, / 2 i n \ ntl \ 

Redctfon,R, Rn \ Rnti j 
foment. M, tl^ Mn M, tine, /% 


Relation between momentsat supports for the n- and (/i^lj -spans, 


In ' .t„J, 

Shear to right ofn ^supportj 

Shear to right of fn^/J -^support, 

(d) 

CnU h 

Shearat any point in n^span, 

, tO 

Point of max. positive moment in n tf span, 

(h) 


^ “V ^ne/ine! f taj 

Shear to left offn^O- support j 

V^'Lt^dln.U^J^; (c) 

Reaction at fn^/j^ support j 

i^nu‘-CrCi (RoteRpV/) (e) 

Moment at any point in nth span, 

M,=Mntyp-^n/„x^ ; (q) 

Maximumpositive moment in nth span, 

(i) 

2Wn 


fXPL AhA TtOtiOF fORMUi A5; n ^number of first span considered or it 3 left support. 

Given aconitnuoui deam of several spans uniformly loaded (for spana wiehno toad w=0). 
Apply formuiaO) to I and 2'^ spans at the left end making n-l. Jhreeunknown moments 
app ear, and . !fh earn is simply supportedat Jef tend M,=0. Rext apply formu/a (a) to 2^ 

and 3 ^p^ns making n-P. Rga/'n there wHi be three unknoivns M^, andM^. Continue untd 

last tt^o spans have been considered (never consider fast span a/one). If beam is simply supported 
at right end, the M for that support ^0. There are now as many eguat ions as there are unknoxvns 
so by solving, the moments at all of the supports maybe found. If the beam is symmetrical 
as to hading and dimensions, the calculationsmay be shortened by eguating moments which 
are known, by inspect ion, to be equal. Knowing the moments at the supports; the shear at any point, 
the reactions, and the moment at any point may be cdicuiated. (R,=Vf and R For last support 
equals V'' for last span). For fixed ends imagine the beam toextendone span beyond the fixed 
end and apply the for mu /as, as above, equating the iength and load of the imaginary span to 
zero and the moment at the extreme end of the imaginary span to zero.Care should be taken 
that shears and moments are us ed with their proper sign, 

Spfc/al Cases; 

for a beam of equal spans with equal uniform loads, formu/a(a} reduces to- 

Mn ^ t M „^2 of this chapter.) (j) 

for a beam of two unequal spans with unequal uniform loads and simply supported 
at the ends, M,*0,M,*0 and from formula (a) 

( 6 ) 
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5Z MO/IEHTS AT SUPPORTS: COtiTinUOUSBTATIS^SQlMLSPATfS AND EQUAL UfUTORM LOADS. 


COTTnClT/iTSOr where rf-hac/ per unit length and b length oFone span. E andl con5ldnt. 

Maximum positive moment in any span can be calculated From Formula 56 i • 

58. ShTARSATSUPPORTSiCOUTiriUOUSBTAMSy EQUAL SPAtiS AtiD EQUAiUtUFORM LOADS. 


0.1 -1,0 


10 ' 10 


to' w 


>1 JI 

'2S‘ n 


Jl 0 

28' 28 28’ 


~J8’ 38 


i Jl 

'38' 38 


S 0*81 83 .33 41 *il U *^2 2L *81 21*01 n 6 

'104 104' m ' 104’ 104 '/04'X)4 ~ 104 '104 ' 104’ 104 W’ 

s— s— K s s s zs a 

7 a.ii JJJl € JO 11 Ji 7±JJ 70 JJ 7JJS 36 0 7 

■ '742 742' 742 742' 742 ~ 742' 742 ~ 742' 742 ~ 742' 742 ~ 742' 742 '/42’ ‘ ’ 

C0£FF7C7£nTS OF iv7, iv/iere «'« /oad per unit ItnqtT) and I’lenqtTtoFspsr). £ and I conatant. 
Reactions at supports equat algebraic dlFFerence of shears to right and /eft. 


JJJl Jlo 
38' 38 38’ 

ZS 

79 35 J3 
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59.CONTiriUOUSB[AM5,CommATEDLOAD5.Co/15rAtlJf10f1lflTOflfimi/IArioliODUlUiOrtLa5TIClTr. 
Sheer, M , , H.' IX . C\ , , 

Ind'l U \ \ 1 d' p.i .. p.A ! I 1 


Shear, 

. — % 



Load, 


A : rai A 

■//j- ; --i/a \ 

Span, 

'A/ \ ^ \ 
L, 


lenqth, i,..../-.. J 
Support, / 2 } 

Reaction, R, Ri h 

tioment, M, fi^ t- 


r 

! n — span 

J,....,. ... 

i 

Rn ! 


knelt net ^ 
(n 4-1 ) a span 

• T 

^ Jny 

/?;/ 

Rn,r 

flnA 'M, 


Relatior? beti/ueen moments at supports For dpd spans^ 

Shear to the right of r7tb support, Shear toleFt of (m/)^ support, 

Pn-'^H^*r[Pn(l-k„)J; (b) (C) 

in \ 

Shear to right oftndj- support, Re action at (n* //- 

try (d) Rn,rr„'„-}/^-,(Mote RrV/) (e) 

in-41 

Shear at any point in ntbspan, tioment at any point fn n^span, 

h^heref^ equats (f) /% - ^/ ♦ ? (x^f^n h^ere ig) 

the sum of the loads between ffPn fr - kn )„) equals the sun? of the 

n ^ support and point cor?5idered, momer?ts of the toads, between 

Pointof max. positive moment in nth span, the niti support and the point con- 

The max. positive moment occurs sidered, about the point 

where shear,as calculated from(f) fiaximum pos/'ttye moment in the n iRspan, 

pass es through zero. This point is ^fter the point of max positive 

a/wa ys at one of the loads, (h) moment has be locate das de scribed 

in(h) the value of x thus deber mined 
is substituted iniq) and /ijfdetermined, 


fxPLA/iATwn OF Formulas: f See under 56,} 


SPFC/AL CaS£, 

Fora beam oF two uneguat spans with unequal concentrated loads and with ends 
simply supported, M, ^0, Ft, -0 and formula(a) reduces to- 

^ l[RlUkrk,^h{[hn(2krik^*kU] A, 

' Z(lAz) 


60. CONTMUOUS BF AMS OF Two AMD ThRFFFqual SPAWS: Uniform load, w, per unit length cr toad f^in center of one span 

kp 


rfemtDt, 0, -1/16. 0, 0, -1/15. i-/6t. 0, 0. -0. +I/40. 0. 

Rextm. 47/16. i-^8. -l/l6, tli/X). *R/70, -l/lO, i-l/60, f4X0. *75/40, -5/70. d/dO. 

kP pstototoi \P 


MomMt, 0, -S/57. 0, 0, -1/70. -1/20. 0, 0. -300. -S/411, 0. 

Rextm */S/S7. *///l6, -3/S2, -1^0, tH/TO. */l//0, -1/70. -3/40, *25/i0. *73/40, -3/40, 
CcFFkknit orwl^an4Pi:ronnoments«tiupporti,,nc/ori,lMcie/er ructions absopporh. 
fy,dditmorpraptrcaui anybram maybe salreef.Porsbtarsant/mamMh bet»/eeniupparh»e56SO. 
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OlAG/tAMS. 




Oeucral Formulas. 


ns^FsAJd--lipjbd‘jtl\--Ukjbd^; 

- M . M ‘ 


63. T-BEAM^.heglecting compression 
in Web. fort ljreoterihinkdl'useSL 
Jc, • b 


f -/ 1 , // . 

^ k t Pp c , 

Steel r3tloarJ(^ depth, bal anced re kPorce/nenty 


K-upn^p^n^-pn=---p^ i J = 

M; ^F,Ajd-l 2 Fspjd^i ‘ f 1 c.^ 6 ikjd^: 

F-CL.JL . 

Aj d llpjd^’ 

PI . ^ k p ^ ?pp . 

^ 6jkd^ (hk)n^ k 

Steel ratio and depth, balanced reinforcement, 


k.-P'’ 4 (s}= y 
■jFnT lA ' 

• / i ikd-2t . 

J~' id 2kd-t ’ 

f 1 , ^FsAJd=F,pjbd^; Me f-^^jFctjbd; 

’ Ajd pjbd^ • ^'(hk)/^ ’ 

Steel ratio, balanced re/hforcementp 

’’■kiH'&i] 


ikHl-jkh(k-r)(l-r)p'n . 

^ (l-k)pn 

M,^F,Ajd--F,pjbd‘; M,‘!jtnFcAJd . 
f. /Y, M . p*rk-^ P • P-JL^P * 
Ujdyjbd^^ ^ hk^^' ^^'(hk)n^ 

Steel ratio, balanced reinforcement. 


For Ft‘li,000/r650,n./S. 


k-- 0.579; 
j^O.8757; , 
M, MOlSbd^i 

FiMSOOO; 

Fe ^ 650 : 


Steel ratio and depth, 
balanced reinfo rceme nt, 


k--0.3?S; 
j =0.8757; 

Ms=l 290 d^; 

Mc^Ms; 

F, =16000; 

Fc^ 650 ; 

Steel ratio, dept hand steel 
area, balar7ced reinforcemtni 

0.0017 ; 

0=0.028^71 ; 

A = 0 . 0026 Yil; 


k=0.579 

t I.li7d-?t 
■’ 5d0.758d-t 

71 i=l 6000 pjbd^ 

fic=ri, 

F,M 6000 ;r,= 650 ; 

Steel rstio, balanced reinF. 

p^. 020 }( 2 - 2 .bd 2 t)^; 


k=0.579 

m4lifl.379-r)(l-r}p’ 


^ .0047dfl.579-r)p' 

Ms use general Formula 
Mr Ms , 

Fs’l6000;F,=9750-2571r; 

Fc=650; 

Steel ratio, balanced 
reinforcement, 

p=(0.6l>M-l,60Ur)p'e00077, 
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65 Sh^AR, Bono A no WBB RB/hrORCBMB/iT. 

In the Following Formulas Jd refers ' 

to arm of resisting coup/e at section m 
question, and Fo, to tension bars at section. 
Shear m Concrete & Bond Stress inTensile Steel, 
Rectangular Beams, • 

(smg/e or double reinforced) ^ ^fojd* 

T-Beams, 

St/rrupSj AH rectangu/ar beams and F beams. 

Ferticai stirrups, P= 

jd V 

Stirrups inclined dSf (not bent up bars) 

P=Total stress (none stirrup. y= amount of 
shear not carried byconcrete. 

for approximate results j-y informu/as. 


68. SAFBLOADSONRe. 
I rrr 


66. Col UM ns .* Ratio of length to /east tvidth F. if 
Axial load For given unit stress, 

P=Fc (Ac enAs) =FcA[/f (nF/)pJ , 

Unit stress For given axial load, 


67. Working STRtssRsFoRSrAT/cloAPsfA.s.C.F) 
intimate Strengths For Harious Hixtures, 
in Pounds per square inch 
Aggregate FI 4 I iy.S F.3:6 

Oranite 7200 1800 1400 

Orauel, Hard limestone or sandstone 7000 1600 1500 

Soft Limestone or Sandstone 1500 1700 1000 

Working Stress, percent of Ultimate Strength; 
Bearing 37.5; Axial Comp. 77. 5; Comp, fiber Ctress 37.5; 
Shear: lonqitudinal b'rs only, 7. 0; Fart of bis bent up 5. 0; 
Shear: thorough lueb rein). b.O;Bond, brsd.O, iviref.O. 




Span in Feet For Safe Live Load 
in Pounds per Square Foot of Slab. 

^ (For M-^¥vI^ multiply span lengths by 0. 8/7) 


so 

75 

700 

725 

750 

BOO 

250 

500 

550 

400 

Lb. 

\ Lb. 

Lb. 

Lb. 

Lb. 

lb. 

Lb. 

Lb. 

Lb. 

Lb. 

S.6 

7.6 

6.9 


5.9 

51 

48 

4.4 

4.7 

3.9 

m 

S.l 

9.1 


n 

6.3 

5.8 

5.5 

5.0 

4.7 

m 

9.6 

8.8 


7.6 

6.8 

6.2 

5.8 

5.4 

5.7 

12.2 

H.O 

700 

9.3 

8.8 

7.9 

7.2 

6.7 

6.2 

5.9 

13.5 

72.2 

77.3 

70.5 

9.9 

89 

8J 

7.5 

7.7 

6.7 

/4.8 

13.5 

72.4 

77.6 

709 

9.9 

9.! 

84 

7.9 

7.5 

15.3 

73.9 

72.9 

72.7 

77J 

70.3 

9.5 

8.6 

83 

7.8 
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Section 


Dbtancesto Moment of 
A ExtremeFiben Inertia 

^ yandy, I 




|d- tan30 
=.866ol' 


Afd^(ltg-co5^50*)]| AFd(lttcos^30°)l dJktcos'^^" 


/=4 It 4co5^50' J 6 4cos^50' 


3 co 5^30'' 
^ .t64ol 



» d A[ d^(UW50°)] A Fd(l+Zco5^30';^ d J ltgcos^30 ° 
^d-canoo y=2.^^^30» J J 



Y =.866d^ =.57Td 




= .06d< 


=.104d' 



A'fOiWltrj A^an+tcos^)' 
lt[4co5^£tf J 6[ 4co5ttr J 4 ii Acc:; ic|- 



=.828d' 


L J uu n .. d b-d'-h'(b-t) 

b<i-h{b-u r-j — if I 




W-h(b-H V=T 


_M±ht’ 



6b yittbd-h(b-t)l 



bd-h(b-t) y 


_d b-d-h^(b-t) bd-h’tb-b ) 




b-d-h(b-t) '“bd-Wb-tl ik|tM-Ayf 
y,= b-y 



td+s(b-t) y=-| 



tdVs^b-t) 

(lZltd+5lb-t) 

1 
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Section 


Area Bislances from Axis Homenl of Inertia ^ 

A to Extr^mG libers x 


yand y, 


d'Us^lb-t) 


l:yVbY?-(b-t)(Y.-5) ^ 

3 




^ h n ^ b5+bt+b,5, 



^fini 


.tdl[b,-b!5^[b-t][rd-5]5 , 1, Jr, .y, iVl 


y=d-y 


|b|YtbYi-[b,-bi!y-5|]-[b-b:y,-sj I 


• FTn’v. ,, fbd+!brn^!tMti:fd-i]5 , ^ 

rTrhf* — -krtiaiMki i 

Yr^-Y 


tdtfl3(5+n') 

i^ rn^S 


^'bd^-i-(h^-l‘ 


' E 1 dq'" 'J 

q=5lop6of flanq«^n'-5)-b'=(li-lHb-l)= ’/(, for slandard sections 




td+b'{Mn') 

tj-jivf/ruMioirijc-vi i/ V” M \u t; ovaiKiatu miiuiij 

r-i ^ 

q= sVof [lanqe=^(n'-shb=(h-lH(b-l]= /^forblandarci sections 

td+b'(5+n') 

1 

y = b-Y, ^ . 

q= slope of flanqc={n-5)';-b'=fh-l)'^(b-l)*!/lbforsl«iird5ec. 
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STRESSES IN FRAMED STRUCTURES. 


Loads. — The stresses in roof trusses are due to (i) the dead load, (2) the snow load, (3) the 
wind load, and (4) concentrated and moving loads. Data for dead loads, snow loads, wind 
loads, crane loads and other loads to be carried on trusses are given in Chapter I to Chapter IV, 
inclusive. The loads on roof trusses are commonly given as a certain number of lb. per sq. ft. 
of horizontal projection of the roof. The loads are assumed to be transferred to the truss by 
means of purlins acting as simple beams, the joint loads being equal to the purlin reactions. 

Methods of Calculation. — The determination of the reactions of simple framed structures 
usually requires the use of the three fundamental equations of equilibrium 

S horizontal components of forces =0 (a) 

Z vertical components of forces =0 •(b) 

Z moments of forces about any point = o (c) 


Resolution of Forces 


Moments of Forces 


Having completely determined the external forces, the internal stresses may be obtained 
by either equations (a) and (b) (resolution), or eqtiation (c) (moments). These equations may 
be solved by graphics or by algebra. There are, therefore, four methods of calculating stresses: 
Graphic Method 
Algebraic Method 
Graphic Method 
Algebraic Method 

The stresses in any simple framed structure can be calculated by using any one of the four 
methods. The method of calculating the stresses in roof trusses by means of graphic resolution 
will be explained in detail. For the calculation of the stresses in roof trusses and other framed 
structures by algebraic resolution and by algebraic and graphic moments the reader is referred 
to the author’s “ The Design of Steel Mill Buildings.” 

Graphic Resolution. — In Fig, i the reactions and arc found by means of the force and 
equilibrium polygons as shown in (b) and (a). The principle of the force polygon is then applied 
to each joint of the structure in turn. Beginning at the joint Lo, the forces are shown in (r), 
and the force triangle in (d). The reaction J^i is knowm and acts up, the upper chord stress i-x 
acts downward to the left, and the lower chord stress i-y acts to the right, closing the polygon. 
Stress l-x is compression and stress i-y is tension, as can be seen by applying the arrows to the 
members in (r). The force polygon at joint is then constructed as in (/). Stress i-x acting 
toward joint Ui and load Pi acting downward arc knowm, and stresses 1-2 and 2 -x are found by 
completing the polygon. Stresses 2 -x and 1-2 are compression. The force polygons at joints 
Li and Ut are constructed, in the order given, in the kime manner. The known forces at any 
joint are indicated in direction in the force polygon by double arrows, and the unknown forces 
are indicated in direction by single arrows. 

The stresses in the members of the right segment of the tru.ss are the same as in the left, and 
the force polygons are, therefore, not constructed for the right segment. The force polygons for 
all the joints of the truss are grouped into the stress diagram shown in (k). Compression in the 
stress diagram and truss is indicated by arrows acting toward the ends of the stress lines and toward 
the joints, respectively, and tension is indicated by arrows acting away from the ends of the 
stress lines and away from the joints, respectively The first time a stress is used a single arrow, 
and the second time the stress is used a double arrow is used to indicate direction. The stress 
diagram in (k) Fig. i is called a Maxwell diagram or a reciprocal polygon diagram, i, f., areas 
in the truss diagram become points in the stress diagram. The notation used is known as Bow’s 
notation. The method of graphic resolution is the method most commonly used for calculating 
stresses in roof trusses and in simple framed structures with inclined chords. 

STRESSES IN ROOF TRUSSES. — The methods of calculating dead load, snow load, and 
wind load stresses in roof trusses by graphic resolution will be briefly described. 
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Dead Load Stresses. — The dead load is made up of the weight of the truss and the roof 
covering, and is usually considered as applied at the panel points of the upper chords in computing 
stresses in roof trusses. If the purlins do not come at the panel points, the upper chord will have 
to be designed for direct stress and stress due to flexure. 

The stress in a Fink truss due to dead loads is calculated by graphic resolution in (a) Fig. 2. 

The loads arc laid off, the reactions found, and the stresses calculated beginning at joint Lc, 
as explained in Fig. i. The stress diagram for the right half of the truss need not be drawn 
where the truss and loads are symmetrical as in (a) Fig. 2; however, it gives a check on the accuracy 
of the work and is well worth the extra time required. The loads Fi on the abutments have no 
effect on the stresses in the truss, and may be omitted in this solution. 

In calculating the stresses at joint Ft, the stresses in the members 3-4, 4-5 and x-5 are 
unknown, and the solution appears to be indeterminate. The solution is easily made by cutting 
out members 4-5 and 5-6, and replacing them with the dotted member shown. The stresses in 
the members in the modified truss are now obtained up to and including stresses 6-x and 6-7. 
Since the stresses 6-x and 6-7 are independent of the form of the framework to the left, as can 
easily be seen by cutting a section through the meml>ers 6~x, 6-7 and j-y, the solution can be 
carried back and the apparent ambiguity removed. The ambiguity can also be removed by cal- 
culating the stress in 7-y by algebraic moments and substituting it in the stress diagram. It will 
be noted that all top chord members are in compression and all bottom chord members are in 
tension. 

Snow Load Stresses. — Large snow storms nearly always occur in still weather, and the 
maximum snow load will therefore be a uniformly distributed load. A heavy wind may follow a 
sleet storm and a snow load equal to the minimum given in § 20, “ Specifications for Steel Frame 
Buildings,” Chapter I, should be considered as acting at the same time as the wind load. The 
stresses due to snow load are found in the same manner as the dead load stresses. 

Wind Load Stresses. — The stresses in trusses due to wind load will depend upon the directicn 
and intensity of the wind, and the condition of the end supports. The wind is commonly con- 
sidered as acting horizontally, and the normal component, as determined by one of the formulas 
in §21, ” Spivifications for Steel Frame Buildings,” Chapter 1 , is taken. 

The ends of the truss may (i) lx? rigidly fi.xed to the abutment w\alls, (2) be equally free to 
move, or (3) may hav^e one end fixed and the other end on rollers. When both ends of the truss 
are rigidly fixed to the abutment walls (i) the reactions arc parallel to each other and to the 
resultant of the external loads; w'here both ends of the truss are equally free to move (2) the 
horizontal components of the reactions arc equal; and where one end is fixed and the other end 
is on frictionless rollers (3) the reaction at the roller end will alw'ays be vertical. Either case (l) 
or case (3) is commonly assumi^J in calculating wind load stresses in trusses. Case (2) is the con- 
dition in a pcjrtal or a framed bent. The vertical components of the reactions are independent of 
the condition of the ends. 

Wind Load Stresses: No Rollers. — The stresses due to a normal wind load, in a Fink truss 
with both ends fixed to rigid walls, arc calculated by graphic resolution in (6) Fig. 2. The reac- 
tions are parallel and their sum equals the sum of the external loads; they are found by means of 
force and efjuilibrium polygons. To calculate the reactions, lay off the loads Pi, Pt, Pi, P4, Pi, 
as shown, and select the pole 0 at any convenient point. Then at a point on line of action of Pi 
in the truss diagram, draw strings parallel to the rays drawn through the ends of Pi in the force 
polygon. The string drawn parallel to the ray common to forces Pi and Pi in the force polygon 
will cut the force Pi in the truss diagram. Through this point draw a string parallel to the ray 
common to forces Pi and P» in the force polygon, and so on until the strings drawn parallel to 
the outside rays meet on the resultant of all the loads. The closing line of the force polygon 
connects the two points on the reactions. Through point 0 in the force polygon draw line 0 ~K 
parallel to the closing line in the equilibnum polygon, P| and Pi are the iV^actions, as shown. 

The stress diagram is constructed in the same manner as that for dead loads. Heavy lines 
in truss and stress diagram indicate compression and light lines indicate tension. 
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The ambiguity at joint P| is removed by means of the dotted member, as in the case of the 
dead load stress diagram. It will be seen that there are no stresses in the dotted web members 
in the right segment of the truss. It is necessary to carry the solution entirely through the 
truss, beginning at the left reaction and checking up at the right reaction. It will be seen that 
the load P\ has no effect on the stresses in the truss in this case, the left reaction being simply 
reduced if Pi is omitted. 



o 4000 aooo leooo 

- I -j 

5cale of Sfresses 



Wind Load Stresses: Rollers. — Trusses longer than 70 ft. arc usually fixed at one end, and 
are supported on rollers at the other end. The reaction at the roller end is then vertical — the hori- 
zontal component of the external wind force being all taken by the fixed end. 1 he wind may 
come on either side of the truss, giving rise to two conditions: (i) rollers leeward and (2) rollers 
windward, each requiring a separate solution. 

Rollers Leeward, — The wind load stresses in a triangular Pratt truss with rollers under the 
leeward side are calculated by gra[)hic resolution in {c) Fig. 2. 

The reactions in (c) Fig, 2 were first determined by means of force and equilibrium polygons, 
on the assumption that they were parallel to each other and to the resultant of the external loacls. 
Then since the reaction at the roller end is vertical and the horizontal component at the fixed end 
is equal to the horizontal component of the external wind forces, the true reactions were obtained 
by closing the force polygon. 

In order that the truss be in equilibrium under the action of the thret? external forces, Ru R% 
and the resultant of the wind loads ^ the three external forces must mc*et in a p<^^)int if f>rfxluced. 
This furnishes a metho<l for determining the reactions, where the direction and line of action of 
one and a i>oint in the line of action of the other are known, providing the [)oint of intersection 
of the three forces comes within the limits of the drawing board. 

The stress diagram is constructed in the same way as the stress diagram for dead loads. 
It will be seen that the load P\ has no cfTc*ct on the stresses in the truss in this case. Heavy lines 
in truss and stress diagram indicate compression, and light lines indicate tension. 

Rollers Windward. — The wind load stresses in the same triangular Pratt truss as shown in 
(c) Fig. 2, with rollers under the windward side of the truss arc calculated by graphic resolution 
in (d) Fig. 2. 

The true reactions were determined directly by means of force and equilibrium polygons. 
The direction of the reaction Ri is known to be vertical, but the direction of the reaction Rt is 
unknown, the only known point in its line of action being the right abutment. The equilibrium 
polygon is drawn to pass through the right abutment and the direction of the right reaction is 
determined by connecting the point of intersection of the vertical reaction Ri and the line drawn 
through O parallel to the closing line of the equilibrium polygon, with the lower end of the load line. 
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Since the vertical components of the reactions are independent of the conditions of the ends 
of the truss, the vertical components of the reactions in (c) and (d) Fig. 2 are the same. It will 
be seen that the load Pi produces stress in the members of the truss with rollers windward. If 
the line of action of Rt drops below the joint Pj, the lower chord of the truss will be in compression, 
as will be seen by taking moments about P*. 

STRESSES IN A TRANSVERSE BENT.— A transverse bent in a steel mill building 
consists of a roof truss supported at the ends on columns and braced against longitudinal move- 
ment by means of knee braces, Fig. 3. The ends of the columns may be fixed at the base or 
may be free to turn (pin-connected). The stresses in a transverse bent are statically indeterminate 
and cannot be calculated without taking in account the deformations of the members themselves. 
The following approximate method, proposed by the author in the first edition of “ The De- 
sign of Steel Mill Buildings,** 1903, gives results that are approximately correct, are on the safe 
side, and is the method now used in practice. 

Dead and Snow Load Stresses. — The stresses due to dead and snow loads in trusses of a 
transverse bent are calculated the same as though the trusst‘s were supfxjrted on solid walls. 

Wind Load Stresses. — The external wind loads may be taken (i) as horizontal or (2) as normal 
to the surface. The columns will be assumed to be pin-connected at the tops and to be either pin- 
connected or fixed at the base. It will be assumed that the horizontal reactions at the foot of 
the columns are equal to each other, and equal to one-half of the horizontal component of the 
external wind load. It is also assumed that the truss does not change its length, and that the 
deflection of the columns at the top of the columns and at the f(x)t of the kmc brace are equal. 

It is shown in “ The Design of Steel Mill Buildings ” that when the columns are fixed at 
the base the point of contra- flexure comes at a distance of from i to | of the distance from the 
foot of the column to the foot of the knee brace. It is usually assumed that the pxjint of contra- 
flexure is located at a point in the column one-half the distance from the foot of the column to 
the foot of the knee brace. If A = height of the column, d =* height from the base of the column 
to the foot of the knee brace, then the distance from the base of the column to the ix)int of contra- 
flexure will be 


d (d -f 2 h) 

y^ = -2T2dTTy 


(4) 


The calculation of the wind stresses in a transverse bent with a monitor ventilator is shown in 
Fig. 3. The bents are spaced 32 ft. centers and are designed for a horizontal wind load of 20 lb. p)cr 
sq. ft., the normal wind load being calculated by Hutton’s formula, Fig. 3, Chapter I. The p)oint 
of contra-flexure is found by substituting in equation (4) to be 


yo 


30 5 / 30-5 4 - 85 \ 
2 \ 61 -F 42.5 / 


17 ft. 


The external forces are calculated for the bent above the point of contra-flexure by multiplying 
the area supported at the point by the intensity of the wind pressure. For example, the load at 
B is 32' X 6.75' X 20 Ib. “ 4320 lb. 

The line of application and the amount of the external wind load, XW, is found by means 
of a force and an equilibrium polygon. XW acts through the intcnsection of the strings parallel 
to the rays 0 -B and 0-C, and is equal to C-B (line C-B is not drawn in force polygon) in amount. 
The reactions R and may be calculated graphically as follows: — Lay off the total wind load 
XW so that it will be bisected by point A in Fig. 3. Perpendiculars dropjx^d from the ends of 
load line XW to the dotted lines A B and A C will give V' ■■ 12,800 lb., and V «* 700 lb., respec- 
tively. Then R and R^ are calculated as shown. 

The calculation of stresses is begun at p)oint B in the windward column, and in the stress 
diagram the stresses at B are found by drawing the force polygon Or-B-A-h-a, The remaining 
stresses are calculated as for a simple truss. In calculating the stresses in the ventilator it was 
assumed that diagonals 9-10 and 10-12 are tension members, so that 9-10 will not be In action 
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when the wind is acting as shown. Before solving the stresses at the joint 6-7-9 necessary 

to calculate the stresses in members i-ii, lo-ii and 9-A. The remainder of the solution offers 
no difficulty to one familiar with the principles of graphic statics. 



The stress in post b-a is equal to F, while the stress in i-c is found by extending to 
in the stress diagram, c' being a point on the load line. The stress in post n-A is equal to V\ 
while the stress in 19-m is found by extending 19-m to m' in the stress diagram, m' being a point 
on the horizontal line drawn through C. The kind of stress in the different members is shown 
by the weight of lines in the bent and stress diagrams. 

For a detailed discussion of the calculations of the stresses in a transverse bent, see “ The 
Design of Steel Mill Buildings.” 

STRESSES IN BRIDGE TRUSSES. — The stresses in bridge trusses may be calculated 
by applying the condition equations for equilibrium for translation, resolution; or by applying 
the condition equation for equilibrium for rotation, moments. Both resolution and moments may 
be calculated algebraically or graphically, giving four methods for calculation the same as for 
roof trusses. 

Maximum Stresses. — The criteria for loading a truss or beam for maximum and minimum 
stresses are given on page 160, Chapter IV. 

Problems. — ^The methods of calculating the stresses in bridge trusses are shown by several 
problems taken from the author's " The Design of Highway Bridges," 
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Problem i. Dead Load Stresses in a Camel-back Truss by Graphic Resolution. 

(а) Problem. — Given a Camel-back (inclined Pratt) truss, span i6o' o", panel length 20' o", 
depth at the hip 25' o", depth at the center 32' o", dead load 400 lb. per lineal foot per truss. 
Calculate the dead load stresses by graphic resolution. Scale of truss, 1" == 25' o". Scale of 
loads, l" — 10,000 lb. 

(б) Methods. — The loads beginning with the first load on the left are laid off from the bottom 
upwards. Calculate the stresses by graphic resolution, beginning at Ri and checking up at 
Follow the order given in the stress diagram. 

(c) Results. — The top chord is in compression and the bottom chord is in tension. All 
inclined web members are in tension; while part of the posts arc in compression and part are in 
tension. Member 1-2 is simply a hanger and is always in tension 

Problem 2. Dead Load Stresses in a Petit Truss by Graphic Resolution. 

(a) Problem. — Given a Petit truss, span 350' o", panel length 25' o," depth at hip 50' o", 
depth at center 58' o", dead l(jad 0.9 tons per lineal foot jxt truss, (/alculate the dead load 
stresses by graphic resolution. Scale of truss, i” = 50' o". Scale of loads, 1" =45 tons. 

(b) Methods. — The loads beginning with the first load on the left are laid from the top 
downwards. Calculate Ri and Rj. Calculate the stresses in the members at the left reaction 
by constructing force triangle i-K-AT. Then calculate the stress in 1-2 by cemstrutting i)(d>gon 
K-I-2-K. Draw 3-2, which is the stress in member 3-2. Then pass to joint 11 2 where thire 
app>ears to be an ambiguity, stress 4-5 being unknown. To remove the and iguily prota^id as 
follows: At IP’s on the left side of the stress diagram assume that H ^ is the striss in 5-6 (the 
member 5-6 is simply a hanger and the stress is as assumed). ( alcid.ite the stnss in 4 5 by 
completing the triangle of stresses in the auxiliary members. The sin . '-ms are now all kiuiwn 
at IVt except 3-4 an 1 5-F, but the stress in 4-5 is lutwecn the two unkmjwn stre.ss<s. first 
complete the force polygon 2 -3-4-5 '-K-F-2. Then by changing the order the true poKgon 
2-3-4-5- F- F-2 may be drawn. This solution is sometimes calhrl the n etlnid of sliding in a 
member. The apparent ambiguity at joint IF4 may fx* n inovid in the .s.in e n^anner. d In stress 
diagram is carried through as shown and finally checked Uf) at Ri. It will be sitn that there is 
no apparent ambiguity, on the right side of the truss. 

(c) Results. — It will be seen that the Petit truss is an inclined Pratt or Camel-back truss 
with subdivided panels. The auxiliary memlx-rs are commonly tension na rnber^- in all e\iej)t 
the end primary panels as in the Baltimore truss in Probl(*m 6. It will b(‘ su n that the stres,s< s 
in the first four panels of the lower chord are the s.ime. The loads in this t> pe of Petit truss are 
carried directly to the abutments. The Petit truss is quite gi ncrally uscal for long span highway 
and railway bridges. 

Problem 3. Maximum and Minimum Stres.ses in a Warren Truss by Algebraic 

Resolution. 

(a) Problem. — Given a Warren truss, span 160' o", panel length 20' o", depth 20' o", dead 
load 800 lb. per lineal frx)t per truss, live load i,6<x) 11). jht lineal frx^t ptT truss, ( alculate the 
maximum and minimum stresses in the memfx:rs due to dead and livi- loads by .ilgt braic reso- 
lution. Scale of truss as shown. 

(b) Methods. — Dead Load Stresses. — Beginning at th * left end the K ft n ai tion is Ri = si IV 

The shear in the first panel is 3iIF, in the second panel is 2JIF, in the thiol |>anel is SIF, ami 

in the fourth f>anel is iW. Now resolving at Ri the stress in i-F = — 3^ IF- tan 0, stress I-A' 

** -h Si^'sec 0. Cut members i-F, 1-2 and 2-X and the truss to the right by a plane and 
equate the horizontal comprjnents of the .stressc*s in the memlxjrs. The unknown stress 2 X 
will equal the sum of the horizontal components of the stressi^s in I~F and 1-2 with sign changed, 
« — 3J — 3J)IF-tan8 » - 4 - 7IV tan 0. The stress in 3-F * —(7 -f 2i)\V tan 0 ^ — 
9iIF-tan^. Stress in 4~X « — (— 9J — 2§)IF-tan0 * + i2W'UinO: stress in 5~F ~ - 
(+ 12 -V ii)IF*tan d =* 4- 134 IF- tan 0; and the stress in (^X =» — (— 13 J ~ i })IF -tan 0 — 
-f* 15 IF* tan etc. The coefficients of the chord stresses when miiltiplkvl by IF tan ^ give 

the stresses, while the coefficients for the webs when multiplied by 11'- sec 0 give the web 

stresses. 

Live Load Stresses. — Chord Stresses — The maximum chord stresses fxnir wdien the joints 
are all loaded, and the chord coefficients arc found as for dead loads. The minimum live loiid 
stresses in the chords occur when none of the joints arc loaded, and arc zero for each memixr. 

Web Stresses. — The maximum web stresses in any panel occur when the longer segment into 
which the panel divides the truss is loaded, while the shorter segment has no load.s on it. The 
minimum live l(»d web stresses occur when the shorter segment is loaded and the longer segment 
has no loads on it. The maximum stresses in members \-X and 1-2 occur when the truss is fully 
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loaded. The shear in the panel is 3iP, or VP, and the stress in i-X = 3jP-sec ^ = -f 125,400 
lb., while the stress in 1-2 = — 3JP*sec d = — 125,400 lb. The minimum stresses in i-X and 
1-2 are zero. The maximum stresses in 2-3 and 3-4 occur when 6 loads are on the right of the 
panel and there are no loads on the left of the panel. The shear in the panel will then be equal 
to the left reaction, = Pi = (6 X 3i X P)/8 = P. The stress in 2-3 = ‘^g-P-sec $ = 
-f 94,080 lb., while the stress in 3-4 = — ^g^P-secO — -* 94,080 lb. The minimum stresses 
in 2-3 and 3-4 will occur when there is one load on the shorter segment. In the correspKjnding 
panel on the right of the truss, if the shorter segment is loaded, the left reaction = iP — the 
shear in the panel. The minimum stress in 2-3 = — iP scc^ = —4,480 lb., while the 
minimum stress in 3-4 = -j- 4,480 lb. The stresses in the remaining panels arc calculated in the 
same manner. The maximum chord stresses are ccjual to the sum of the dead and live load chord 
stressi's. The minimum chord stresses arc the dead load chord stresses. The maximum web 
stressc“s are e()ual to the sum of the dead and the maximum live load \yeb stresses. The minimum 
web strcssc?s are efjual to the algebraic sum of the dead load stresses and the minimum live load 
stresses. 

(c) Results. — The web members 7-6 and 7-8 have a reversal of stress from tension to com- 
pression, or the reverse. These members must be counterbraced to take both kinds of stress. 

Problem 4. Maximum and Minimum Stresses in a Pratt Truss by Algebraic 

Resolution. 

(a) Problem. — Given a Pratt truss, span 140' o", panel length 20' o", depth 24' o", dead 
load 8(X) lb. |ht line.d f<K)t |xt truss, live load 1,600 lb. ikt lineal foot per truss. Calculate the 
maximum and minimum stresses due to dead and live loads by algebraic resolution. Scale of 
truss, T' = 20' o". 

(b) Methods. — Construct three truss diagrams as shown. On the first place the dead load 
coefficients and the dead load stresses. On the second place the live load ccx?fficicnts and the 
live load stresses. On the third place the maximum and minimum stresses due to dead and live 
loads. The maximum chord stresses arc the sums of the dead and live load chord stresses, while 
the minimum chord stresses are those due to dead load alone. The hip vertical is simply a hanger 
and has a minimum stress of one dead load and a maximum stress of one live and one dead load. 
The conditions for maximum and minimum stressc*s in the webs are the same as for the Warren 
truss, the vertical posts having stresses ec|ual to the vertical components of the stresses in the 
inclined web members meeting them on the unloaded (top) chord. 

(c) Results. — There is no dead load shear in the midtile panel, but it is st'cn that there are 
stresses in the counters for live loads. Only one of the counters will be in action at one time 
Whenever the center of gravity of the loads is not in the center line of the truss, that counter 
will lx? acting that extends downward toward the center of gravity. The numerators of the 
maximum and minimum live load web coefficients are o, 1,3, 6, 10, 15, 21, as for the Warren 
truss, rhis shows that the maximum and minimum web stresses arc pro^K)rtional to the ordinates 
to a parabola. 

Problem 5. Maximum and Minimum Stresses in a Deck Baltimore Truss by Algebraic 

Resolution. 

(a) Problem. — Given a deck Baltimore truss, span 280' o", panel length 20' o", depth 
40' o", dead load 0.375 ^ons per lineal f(K)t per truss, live load 0.625 tons [>er lineal foot ix?r truss. 
Calculate the maximum anti minimum stresses due to dead and live loads by algebraic resolution. 

{b) Methods. — Construct three truss tliagrams and use them as shown. 

Dead Load Stresses, — The auxiliary struts 1-2, 5-6, 9-10, etc., carry' a full dead load com- 
pression, while the auxiliary web members 2-3, 6-7, lo-ii, etc., have a tensile stress of ^IT'sec B. 
The stress in i-F expials the shear in the [Xinel multiplietl by stx: ^ — 6Jir-sec 0 . The stress 

in 3~K etpials the shear in the panel multiplied b>' sec 9 , plus the inclined component of the one- 
half load that is carried toward the center by the auxiliary member 2-3, = — (5J -f- i)lT’sec <? 
=* — 61T*soct?. The stress in 3-4 is the vertical com|x^ncnt of the stress in 3-T = 6U\ 

The stress in is the horizontal component of the stress in 3-T = — 611- tan 9 , The stress 
in i-X and 2-^ 4* 6jH''*tan 9 . The stress in 4-5 is the inclined component of the shear in 

the panel ** — 4ill^*8cct?. The stress in 5- A' = — 6 — 4J)lP tan0 = -f loJlT-tan^. 

The remaining dead load stresses arc calculated in a similar manner. 

Live Load Web Stresses. — The maximum shears in the different txinels occur when the longer 
segment of the truss is Uxided, while the minimum shears occur when the shorter segment of the 
truss is loaded. The maximum stresses in the webs in the first and second [xinels occur for a 
full live load on the bridge. The maximum shear in the third panel occurs with all loads to the 
right of the panel and no loads to the left. The shear in the panel will then be equal to the left 
reaction • ii X l(ii -f i)i*/i4 ■■ {{P* The maximum live load stress in 4-5 will be * 
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— ffP-sec With a maximum stress in 4-5 the stress in 4-7 will be =» (— 66/14 -f 7/14) 
seed =» — }fP-secd, This is the maximum stress, for the stress in 4-7 when there is a 
maximum shear in the panel is =■ 10 X 1 1/2 X yVP'sec d = — }JP*secd. In a similar 
manner it will be found that maximum stresses in members 8-9 and 8-1 1 occur with a maximum 
shear in 8-9. On the right side it will be seen that minimum stresses in the diagonals occur for a 
minimum shear in the odd-numbered |>aneis from the right. 

(r) Results. — The dead and live loads were assumed as applied on the upper chord. The 
upper chords are in compression, while the lower chords are in tension the same as for a through 
truss. The live and dead load stresses are given separately on the left side of the lower truss. 

Problem 6. Maximum and Minimum Stresses in a Through Baltimore Truss by Algebraic 

Resolution. 

(a) Problem. — Given a through Baltimore truss, span 320' o", panel length 20' o", depth 
10' dead load 800 lb. per lineal foot per truss, live load i,8x) lb. per lineal foot per truss. 
Calculate the ma.ximum and minimum stresses due to dead and live loads by algebraic resolution. 
Scale of truss, i" =40' o". 

(b) Methods. — Construct three truss diagrams as shown. 

Dead Load Stresses. — The shear in each of the hangers is IF, while the stress in each of the 
diagonal auxiliary members is — i IF- seed. The stress in the upper part of the end-post is 
(-+- 6i -f* J)lF*secd =» -f-ylF-secd, where - 4 - 6 ilF*sec 5 is the stress due to the shear and 
-hilF-secd is the stress due to the half load carried toward the center by the auxiliary diagonal 
member. The stress in the main diagonal in the third i>anel is — sJlF-scc where 5JIF is the 

shear in the panel; while the stress in the diagonal in the fourth panel is ( — 4^ — J)lF-secd =» 

— 5lF‘sec St where 4} IF* sec S is the stress due to the shear in the |>anel and i IF -see 0 is the 
stress carried toward the center of the truss by the auxiliary member. The chord coefficients 
are calculated as in Problem 5. 

Live Load Stresses. — The maximum shear in the third panel occurs with 13 loads to the 
right of the panel and with no loads to the left of the panel. The shear in the panel is then equal 
to the left reaction, equals 13 X }(i3 4 - i) X P/16 ~ {JP. The stress in the main diagonal 
in the third panel is then equal to — f jrP«sec 6 . The stress in the main diagonal in the fourth 

C inel is (— ?' P -p ^P) sec ^ — fJP sec 0, = a maximum, the maximum shear in the panel 

sjing 12 X i(i 24 'i) X P/16 = {JP. In like manner the maximum stresses arc found in 
5th and 6th panels when there is a maximum shear in the 5th panel, and in the 7th and 8th p>ancls 
when there is a maximum shear in the 7th panel. Minimum stresses in the 3d and 4th panels 
from the right abutment occur when there is a minimum shear in the 3d panel; and in the 5th 
and 6th panels when there is a minimum shear in the 5th panel. 

(c) Results. — The double panels next to the center nxjuire counters. It should be noticed 
that in calculating the stresses in these counters the diagonal auxiliary tics will have the dead 
load stress of -p 5.66 tons as a minimum. 

Problem 7. Maximum and Minimum Stresses in a Camel-back Truss by Alge- 
braic Moments. 

(a) Problem. — Given a Camel-back truss, span 100' o", panel length 20' o", depth at hip 
0'', depth at center 25' o", dead load 300 lb. per lineal foot per truss, live load 800 lb. per 
lineal foot per truss. Calirulate the maximum and minimum stresses due to dead and live loads 
by algebraic moments. Scale of truss, i" « 20' o", 

(b) Methods. — Calculate the arms of the forces as shown and check the values by scaling 
from the drawing. 

Dead Load Stresses, — To calculate the stress in the end-post LqUi, take center of moments 
at Li, and pass a section cutting LoU\, U\L\ and L\Lt, and cutting away the truss to the ri^ht. 
Then assume stress LqUi as an external force acting from the outside toward the cut section, 
and stress L^U\ X 14.14 — Pi X 20 « o. Now Pi — 6 tons and stress LaUx « -p 8.48 tons. 
To (^Iculate the stresses in LoLi and L\L\ take the center of moments at U\, and pass a section 
cutting m^bers UiUt, VxL\ and L\L\, and cutting away the truss to the right. Then assume 
the stress in LiL^asan external force acting from the outside toward the cut section, and LxLtY. 20 
— Pi X 20 ■■ o. Now Pi ■■ 6 tons and the stress in LoLi L|Lt *■ — 6 tons. To calculate 
the stress in U\Ui take the center of moments at Lt, and pass a section cutting members U\U%, 
UiL% and L^L%, and cutting away the truss to the right. Then assume the stress in L\U% as an 
external force acting from the outside toward the cut section, and U\U% X 24.25 — Pi X 40 4 - W' 
X 20 o.^ Now P] H 6, IF • 3 tons, and the stress in UiUt " 4 " 7.42 tons. To calculate 

the stress in UtLt take the center of moments at A, and pass a section cutting members UiUt% 
UiLu and LiLt, and cutting away the truss to the right. Then assume the stress in UiL% as an 
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external force acting from the outside toward the cut section, and UiLt X 70.7 -f X 60 
— ly X 80 = o. Now =* 6 tons and ly = 3 tons, and U\LtX 70.7 = — 120 ft. -tons, and 
stress U\Lt =» — 1.70 tons. The other dead load stresses are calculated as shown. 

Live Load Stresses . — The live load chord stresses are equal to the dead load chord stresses 
multiplied by 8/3. The maximum stress in UiLt will occur with loads at Lt, L*', and Li', while 
the maximum stress in counter UtLi will occur with a load at L\ only. The maximum tension 
in UiLi will occur with all the live loads on the bridge, while the maximum compression will 
occur when there is a maximum stress in the counter UiLt, loads at Li and Li. The details 
of the solution are shown in the problem. 

(c) Results. — The stress in the counter UtlW and the chords UtUt and LtLi may be 
calculatcnl by the method of coefficients, and will be the same as for a truss with parallel chords 
having a depth of 25' o". The maximum stress in UiLi will occur with loads Lt and L/ on the 
bridge, when the left reaction equals 2 X 3P/5 — %P. The stress in UtLt = --|P‘secd 
= —6.15 tons. 

Problem 8. Maximum and Minimum Stresses in a Through Warren Truss by 

Graphic Moments. 

(a) Problem. — Given a through Warren truss, span 140' o", panel length 20' o", depth 
20' 0'', dead load 800 lb. p)er lineal foot jxt truss, live load 1,200 lb. per lineal foot per truss. 
Calculate the maximum and minimum stresses by graphic moments. Scale of truss, i" = 20' o". 
Scale of loads, i" = 50,000 lb. 

{b) Methods. Chord Stresses . — Calculate the center ordinate of the parabola ^ w - L^iSd 
= 98,000 lb., and lay it off at 5 to the prescrilxd scale. Now lay off the vertical line 1-5 at the 
left and right abutments. Make 1-2 == 2-3 = 3-4 = 2 (4-5). Draw' the inclined lines 1-5, 
2~5. 3-5i 4“5. 5-5. The intersections of these lines with verticals let drop from the lower chord 
points are points in the stress parabola for the upixr chord stresses. The stresses in the lower 
chords are the arithmetical means of the stresses in the upjxr chords on each side. By changing 
the scale the live load stresses may lx? scaled directly from the diagram. 

Web Stresses. — .\t the distance of a panel to the left of the left abutment lay off the vertical 
line 1-8 equal to one-half the total live load on the truss, to the prescribed scale, c'qual 1,200 X 70 
= 84,fxx) lbs. Now divide the line 1-8 into as many ecjual i)arts as there are panels in the truss, 
and mark the points of division 2, 3, 4, etc. C onnect these j^oints of division with the panel 
point 7, the first panel point to the left of the right abutment. Drop verticals from the panel 
points of the low'er chord of the truss to the line 1-8, and the intersections of like numbered lines 
W'ill ^ive [X)ints on the curve of maximum live Icxid shears. 

To construct the dead loiid shear diagram, lay off 3 IP, downward to the prescribed scale 
under the left abutment, and reduce the shear under each load to the right by IP, until the dead 
load shear is — 3 IP at the right abutment. The dead load shear diagram is then constructed as 
shown. 

Maximum and Minimum IPW; Stresses . — The maximum shear in any panel is then the ordinate 
to the right of the j)anel point on the left end of the ixinel, and the stresses in the web members 
are calculated by draw ing lines ixtrallel to the corresj)onding member as shown. Negative stresses 
arc measured downw'ards from the live load shear curve, and positive stresses are measured 
upwards from the live loiid shear curv^e. 

(c) Results. — This methcxl is an excellent one for illustrating the effect of the different 
systems of loads, but consumes too much time to lx of practical use. It should be noted that 
tne maximum ordinate to the chord parabola is not a chord stress in a Warren truss with an 
odd number of panels. 

Problem 9. Maximum and Minimum Stresses in a Petit Truss by Algebraic 

Moments. 

fa) Problem. — Given a Petit tniss, span 350' o", i>anel length 25' depth at the hip 
50' o ', depth at center 58' o", dead Uxid 0.9 tons per lineal foot per truss, live load 1.4 tons per 
lineal foot per truss. Calculate the maximum and minimum stresses due to dead and live loiids 
by algebraic moments. Scale of truss, i" = 40' o". Scale of lever arms, any convenient scale. 

(b) Methods. — Construct a truss diagram carefully to scale as shown. Construct one- 
half the truss to scale on a large piece of pa|xr and calculate the lever arms as shown, and check 
by scaling from the diagram. The methods of calculation will be shown by tw'o examples: 

I. Stresses in Tie 0-7. Dead Load Stress. — Pass a section cutting members 7-A', 6-7, and 
6-F, and cutting away tne truss to the right. The center of moments will be at - 4 , the inter- 
section of chords 7-X and 6“K. Now assume the stress in 6-7 as an external force acting from 
the outside toward the cut section. Then for equilibrium 6-7 X 477-0 + Ri X 575 — 3 IF 
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X 625 = o. Now Ri = 146.25 tons and W — 22.5 tons, and solving the equation gives stress 
6~7 =“ — 87.8 tons. 

Live Load Stresses . — The maximum live load stress in 6-7 will occur with the longer segment 
of the truss loaded. Taking moments about iK)int A as for the dead loads the maximum live 
load stress 6-7 X 477 -« H- X 575 = o. Now Ri = 55/14 X 35 tons = 137.5 tons, and the 
stress in 6-7 = — 1^)5. 8 tons. 

The minimum liv'e load stress in 6-7 will occur with the shorter sc'gment of the truss loaded. 
Taking moments about the point . 1 , 6-7 X 477*0 -f X 575 — 3^ X 625 = o. Now = 90 
tons, P = 35 tons, and stress in 6-7 = 4- 29.1 tons. 

2 . Stresses in Tie 4~y. Dead Load Stress . — Pass a sc'ction cutting members J-X, 4-7, 4-5 
and 5“K, and cutting away the truss to the right. Now assume the stress in 4-7 as an external 
force acting from the outj>i le toward the cut section. Then for e(|iiili!)rium about the point . 1 , 
stress .1-7 X 477-0 Ri X 575 — ^^tress 4-5 X 442.0 — 2 IT X O12.5 = o. Now the member 
4-5 will carry one-half the l<3ad carried by 5-6, and the stress etpials 1/2 X 22.5 X 141 4 = 
4- 15.9 tons. Ri = 146.25 tons, and 2 IT = 45 tons. Then stress 4-7 = — 103.6 tons. 

Live Looii Stresses . — The maximum live load stress in 4-7 will occur with tlu* longer segment 
loaded. Taking moments aljout .1 as for dead lo.els, stress 4-7 X 477-0 T R\ X 575 — stress 
4-5 X 44-2.0 = o. Now stress 4-5 = T 24.8 tons, and Ri — 66, 14 X 35 = 165 tons. 41 k n 
stress 4-7 = 175.7 tons. 

The minimum live l<jad stress in 4-7 will occur with two loads to the left of the panel. Taking 
moments about the |xjint . 1 , the stress 4-7 X 477-0 4 - X 575 — 2P X 612.5 = o Now 
Ri = 62.5 tons and 2P = 70 tons. Then stress 4-7 = T M-S tons. 

The stresses in the memlxTs in the first and s<.*cond p<ineK and in the two middle panels 
may be calculated by coeflicionts. Check up the dead load chord stresse*s by comparing uith 
the stresses obtained by graphic resolution in Problem 2. 

(c) Results. — The auxiliary members carry the st resets directly toward the abutments and 
there is no ambiguity of loading as in the case of a tru^*> sulxlivided as in ProbK-m 6. Howe\<T, 
the method of suWividing shown in Pnjblem 6 is us<.*d in prefen nee to that shown in this problem. 
The Petit truss is quite generally u.sed for l<jng span pin-connected highway and railway bridges. 

PROBLE.VI 10. Live Lo.\d Stresses in .\ Throigh Pr.att Tri ss for Cooper’s E CiO 

Lu.vpinx;. 

(a) Problem. — Given a Pratt truss, span 165' o", panel length 23' 6J", depth 30' o", liv2 
load Cooper’s E 60 loading. C'alculate tlnr position of the loa<P and the maximum ami minimum 
stresses due to the prescribed loading by algebraic moment. *>. S<'ale of truss, l" ^ 25' o". 

(b) Methods. Chord St'rsses. — C alculate tin? position of tin* whet ls for a maximum iH-nding 
moment at the different joints in the lower chord, d'he ( riterion for maximum bending monu nt 
at any joint in a Pratt truss is, “ the aviTagir load on the left (T tin* nation nuiMt l>e the .s,ime 
as the average load on the entire bridge.” Having determined the whee l th.it i'- at the joint for 
a maximum moment, calculate the maximum In inling moment as shown Having i .ilc iilated 
the maximum lx,*nding moments, the ( hord stre'>s< s are found by »li\ i(ling the bending monu nt 
by the depth of the truss. The moment diagram is givi ii in d'abU' \'h, ( Tia[)ter IW 

Web Stresses . — Calc ulate the position of the wheels for in.iximum shc.iis in the difTerent 
panels. The criterion for maximum shear in a panel is, ” the loarl on tlu p.nu 1 mu.st equal the 
load on the bridge dividixl by the number of panels.” The criterion f<a maximum bending 
moment at Li is the same as the criterion for maximum slu.ar in pani l L^Lx. Having deter- 
mined the position of th'* whecrU for maximum .shears in the difTerent panels, calculate the maxi- 
mum shears as shown. The stress in a web is equal to the shear in the i)anel multiplied by sec* 0. 

Floorbeam Reaction . — The .stress in the hip vertical U\Lx is equal to the maximum lloorbe.im 
reaction. This is calculated as follows: Take a .simple beam with a .span ecpial to the sum of two 
panel lengths and calculate the maximum Ixjnding moment at the p^iint in the lieain corresponding 
to the panel point; in this case it will lx; the center of the span. This bending moment niulti{)lied 
by the sum of the panel lengths divided by the pnxluct <}f the panel lengths will l>e the maximum 
floorbeam reaction; in this case the maximum bending moment at the cenii r will be multiplied 
by 2 divided by the panel length. 

{c) Results. — When the maximum stresses occur in chords UaT/a, UAh' and L3/.3', counter 
Ut Lt is in action. It rx:ca.sionally happens that there is more than one position of the loading 
that will satisfy the criterion for maximum bending moment. In this case the moments for each 
loading must be calculated. 

Problem ii. Stresses in the Portal of a Bridge by Algebraic Moments and 

Graphic Resolution. 

(a) Problem. — Given the portal of a bridge of the type shown, inclined height 50' o”, center 
to center width 15' o", load R » 2,000 lb., end-posts pin-connected at the base. Calculate the 
■tresses by algebraic moments and check by graphic resolution. Scales as shown. * 
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(b) Methods. — Now H ^ IF ^ i,ooo lb. F == — F', and by taking moments about 
F = 30 X 2,000/15 = 4,000 lb. = — V\ 

Algebraic Moments. — In passing sections care should be used to avoid cutting the end-posts 
for the reast)n that these members arc subject to bending stresses in addition to the direct stresses. 
To calculate the stress in member 3-F take the center of moments at joint fi) and pass a section 
cutting members 4-6, 3-4 and 3-!^ and cutting the portal away to the left of the section. Then 
assume stress 3-K as an external force acting from the outside toward the cut section, and 3-F 
X 10 X 0.447 -f- // X 30' = o. The stress in 3-F = — 6,710 lb. The remaining stresses are 
calculated as sho.vn. 

Graphic Resolution. — Lay off a~A = A-h — 11 ~ i,(xx) lb., and / 1 -F = V' ~ 4,000 lb. 
Then beginning at iK)int B in the portal the force polygon for c(iuilibriiim is a-/ 1 -F-i'-a, in 
which I '-a is the stress in the auxiliary member i-a, and F-i' is the stress in the post i-F when 
the auxiliary member is a( ting. 'Da* true stress in i-F is crjual to the algebraic sum of the vertical 
comi)onents of the stress T -a and F-i', and equals V — — 4,(XK3 lb. Next complete the force 
triangle at the interscxrtion of the auxiliary members. Stress I'-a is known and the force triangle 
is a-l'-F-a, the forces acting as shown. The stress diagram is carried through in the order shown, 
chc'cking iq> at the point .1. riu‘ correct stressi*s are show n by the full lines in the stress diagram. 
The true stri'ss in 3 2 will produc e equilibrium for vertical stresses at joint ( i j as shown. The 
maximum shear in the posts is II = i,(Xk) lb. The maximum bending moment in the posts will 
occur at the foot of the member 3-F, joint (3), and is M = i ,(x>() X 20 X 12 240,000 in. -lb 

(r) Results. - The inetlnxl of graphic resolution requires less work and is more simple than 
the methcxl of algebraic moments. 

.Vote: The portal is not pin-connected at joints (3) and the corresponding joint on the oppo- 
site side, as might be inferred from the figure. 

pRoni.ic.M 12. Wi.Ni) Lo.\d Stresses in .\ Trestle Rent. 

(a) Problem. — Givi-n a trestle bent, height 45' o", width at the base 30' o", width at the top 
9' o", wind loads Po. R\, P?, Pu Po as shown, ('alculale the stresse.s in the members of the 
liont due to wind lo»ids by algeboiic moments, and check by calculating the stresses by graphic 
resolution. Assume that the diag^mal memlicrs are tension members, and that the dotted members 
are not acting for the wind blowing as shown. Scale of truss, T' = 10' o". Scale of loads, 
i" = 2, OCX) lb. 

(b) Methods. — .!/i;c'>rnfV Moments. — To calculate the stressc's in the diagonal members take 

centers of moments about the' point A, the point of intersection of the inclined pc'sts. Then to 
calculate the stress in 3 4, pass a section cutting memliers 3-A', 3-4 and 4-F; a.^sumc that the 
stress in 3-4 is an external force acting from the outside toward the cut scctitni, and 3-4 X 15.9' 
-1-3,000 X 19.3' T 3,txx) X 11.3' -= o. The stress 3-4 — 5,800 lb. Stresses in 4-5, 5-6, 

6-7, 7-8 and 8-/ are calculati'd in a similar manner. To obtain nactitm R] take moments about 
Rt, and Ri X 30' - 2,(xx) X 15' — 2,cx)0 X 30* — 3 .ckx) X 45' — 3axx) X 53' = o. Then Ri 
= I 2 . 8 (X) lb. = — Ri. 

To cah'ulate the stress in 4-F, take center of moments at joint P^, and ixiss a section cutting 
members 5-AL 4-5 and 4-y', and assume the stress in 4-F as an external force acting from the 
outside toward the cut section. Then 4-}' X 15 6' - 3,000 X 15' - X 23' = o. Then 

4-F = -f 7.3(^) lb. « 

Graphic Resolution. '\'ho load Po assumed as transferred to the bent by means of the 
auxiliary members. The lo.ids /^., Pi, /V, /V, 1 \ are laid off as shown, and with the load Po the 
stress triangh' F~A'-2 is drawn. hhe remainder of the solution is easily followed. 

(c) Results. — The stress in the auxiliary member 2-I’ acts as a load at the top of post 4--F. 
Load Po is the wind load on the train and is transferred to the rails by the car. I'or the reason 
th.it the wind may blow from the opposite direction, both sots of stresses must bo considered in 
combination with the dead and live load stresses in designing the columns. 
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Bridge Analysis. OecK Bol+imore Truss. Problem 5 • 

Max. and Min. ^ 5 +res 5 es. Algebraic Resolu+ion. 
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Bridge Analysis. Bal timore Truss, Problem 6 
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Bridge Analysis. PetitTruss. Problem 9 

Stresses by Algebraic Moments. 
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STRESSES IN STIFF FRAMES. — ^StifT frames with rigid joints are statically indeterminate. 
In calculating the stresses in frames with stiff joints it is assumed (i) that the members have 
large sections and that the distortions due to direct stresses are small and may be neglected; 
(2) that the joints are perfectly rigid; and (3) that deformations due to shear in the members 
are zero. 

If any member of a stiff frame be assumed as cut, for equilibrium we will have from mechanics 
the following relations existing between the horizontal distance between the cut ends, the vertical 
distance between the cut ends and the tangents at the cut ends. 

The horizontal distance between the cut ends due to any given loading will be 



The vertical distance between the cut ends will be 

The angle between the tangents at the cut ends will be 

Equations (5), (6) and (7) are equated to zero since the cut ends must stay in contact and 
the member must be continuous. 

Equations (5), (6) and (7) may be solved (i) by the Work Method, (calculus method), (2) 
by the Area Moment Method, or (3) by the Slope Deflection Method. The Area Moment and 
the Slope Deflection Methods may be used only with frames with straight members. The Work 
Method may be used for frames with straight and curved members. The Work and Area Moment 
Methods will be illustrated by means of a simple problem. 



Work Method. — ^The stresses in the portal frame with pin connected columns in Fig. 4 may 
be calculated by the Work Method as follows: 

If the frame is free to move horizontally at D, the movement due to the load P will be 

dW ^ \ M m ds 

Now apply one lb. horizontally at 2>, and the distance that the frame will be brought back by 
one pound will be 

• •}. -FT 


(.) 



STRESSES IN STIFF FRAMES. 


689 


A horizontal thrust H will bring the point D back to its original position and 



(10) 

Equating equations (8) and (10), and solving 


rD M»m-ds 


n - 

(II) 

Ja £•/ 


From (c). Fig. 4, 


M^m^ds P^a'h'h 

Jj, E-I ° 2 £./| 

(12) 

From (6), Fig. 4, 


^Dm*’ds 2 h* ^**/ 

(13) 

X E l “afi./. ■*■£•/, 

and substituting (l 3 ) and (13) in (ii), 



(14) 

.w( 3 j-; + 3 ) 

^P-a-b 

“ 2h-l(2k + 3) 

(15) 


where k « /i//*. 


Area Moment Method. — The moment of the negative moment area about the foot of column 
A will be equal to the moment of the positive moment area about and 


and 


2// A XihXih H h^^l P-a-b/l X X h 
it “ /, 


H 


2h-l{2k + 3) 


(II) 


(15) 


For the calculation of the stresses in stiff frames by the Work Method, the .\rea Moment 
Method, and the Slope Deflection Method, see the author’s “ Design of Steel Mill Buildings,” 
Fourth Edition. 

Stresses in Stiff Frames. — The moments and stresses in several types of stiff frames are 
given in Fig. 5 to Fig. 16. 
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6tt1£RAL CAiB 
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OcneRAL Case 
ff.wb f6ac-tb(3J-2b) l,.J.h 
4 ■ bl(2kf3) ‘1,1 

i'j,‘^(2cfb);\frfj(2Hb} 


„..Pf 3h\mhiaD . ^.ih 
7 />H2ki-3) ’ It 2 



LOADmCCtlTERia^b 


V- 3Pl . I. h 

”“0L/9L , ? 1 ' ” 7 


Sb(2A73)' 




TOP PUUY LOADED; b=l 

u- wl^ . j(, / / 

4 ~h( 2 k+iJ’ I, I 

y-y - — 

Tt 'o 2 




L0AD>tB; 3=h 


y = Y=Ph 

'a v ^ 


5jDEFaLYL0APfP;C=h 

u.wb.Mk 
" d ?kf3 

y=v=:Edi^ 

K, Yff 21 ‘ *7 , 1 

Mg=Y„l-Hh;M,=-hh 


L0ADOH0tlE5/DE;P^O 

17 - PfI-f) . !/ L-Ijb 
■U 2 ^*7 2 

MrPe-Hh; /ic=-Hh 


Loads ATToPiamh 
u.3(Pe*Pe).L.I.h 

Y„ and Voare Iht fame 
ai m yenera! case, 
for sides, fif-M, -Mb 


LOAD Ob D//E SLOE; f^P. 

H.B(m±33) 

2hf2ke-3) 

y.=its b ■ kahh 

* 0 L • 1,2 
Mi=MyPt;Mi=Ptc 


Fig. 5 . STKissBs in Stiff Fhaubs. 
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Fio. 6. Stresses in Stiff Frames. 
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Fig. 7. Stresses in Stiff Frames with Fixed Columns. 
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Fio. 8. Stresses m Stiff Frames with Fixed Columns. 
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Fig. 9. Stkesses in Stiff Fkaubs with Fixed Columns. 
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Fig. 10. Stresses in Stiff Frames. 
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Fig. II. Stkesses in SnFF Building Frames. 
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Fig. 12. Stresses in Stiff Frames. 
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Fig. 13. Tbiipebatubb Stbbsses in Stiff Fbames. 
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Fig. 14. Stresses in Stiff Frames. 
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Fig. 15. Stsesses in Stiff Fhaues. 
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CHAPTER XVII. 

The Design of Steel Details. 


Introduction. — The design of any structure involves the design of the different members 
and the connections. In this chapter the design of the various steel details will be considered as 
fully and completely as the limited space permits. The design of the members and details of a 
steel structure are governed by the specifications for the particular structure. Reference will 
be made by section and page to the various specifications in this book. 

MEMBERS IN TENSION. — Several different methods for making end connections of bars are 
shown in Fig. i. Loop Bars, (a) Fig. i, are used for lateral bracing on highway bridges, buildings 
and towers, with turnbuckles or sleeve nuts, to make them adjustable as shown in Tables 92 and 
94, (All tables numbered with Arabic numerals are in Part II.) Clevises, (b) Fig. i, are used 
to secure the ends of bars used as lateral bracing on highway bridges and on buildings. The pin 
may be either a cotter pin as shown in Table 96, or a bridge pin as shown in Table 95. Ordinary 
eye-bars, (c) P'ig. i, are used principally for lower chords and main ties on bridges. Data for eye- 
bars are given in Table 91. Counters are made of adjustable eye-bars as shown in Table 91. 
Bottom lateral plates or skew-backs, (d) Fig. i, are used to secure the ends of bottom lateral rods 



fs; Loop. (b) Clevis. (ofye 


o 


o 


000 


000 


(e) TopLdtera! or U-Plate. 

a 



(d) Bottom Lateral Plate 

or Skew back. ( H Cooper Httch. 



(h) Beveled Washer, Cast Iron. 


Fig. 1. Details of Tension Members. 


of highway bridges and are shown in Table 121. Top lateral plates or U-plates, («) Fig. i, are 
used for top lateral connections on highway bridges and for lateral bracing on buildings, highway 
bridges and towers, see Table 122. The Cooper hitch has the same uses as the top lateral plate. 
Tl\e angle as shown in (g) Fig. i is used for end connections for light bars in buildings and towers, 
see Table 120. Cast iron beveled washers, {h) Fig. i, are used for end connections of diagonal 
bracing, see Table 120. The ends of bars should be upset as shown in Tables 89 and 90, so that 
the strength in the threads will be greater than the strength of the main body of the bar. The 
dimensions of tie rods for beams arc shown in Table 105. 
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In selecting bars in tension the area is determined by the formula: 



where A is the required area, P the total tension in the bar and /< the allowable unit tensile stress. 
The following problems are given to illustrate the use of the tables in selecting the details for 
bars, etc. 


Loop Bar. — Select a loop bar to carry a tensile stress of 48,000 lb., one end passing around a 
3 in. pin and the other end around a 3)^ in. pin, the center to center distance between pins being 
30' o". 

References . — Specification §8, p. 73; §37, p. 76; §48, p. 78; § 103, p. 83; § 118, p. 84; 
§ 127, p. 84; § 37 . P- 189; §49, p, 190; §61, p. 191; §15. P. 257; §36, p. 258; §230, p. 445; 
§ 8, p. 461 ; § 42, p. 463; § 28, p. 467. 

Solution . — Using an allowable unit stress of ft = 16,000 lb. per sq. in., the area required is. 


A 


P _ 48,000 
ft ~ 16,000 


3.00 sq. in. 


A bar i in. square has an area of 3.06 sq. in. (Table 6), and a 2 in. round bar has an area of 3.14 
sq. in. (Table 6). Either bar could be used. Using the i in. square bar the additional length 
required to pass around a 3 in. pin is i' ii" (Table 92), and for a 3J/2 in. pin is 2' i", making it 
necessary to add 4' o" to the center to center distance of pins to obtain the total length of bar. 

If a turnhuckle is used the upset required on a in. square bar is 2\'2 in. in diameter and 5)^ 
in. long (Table 89), requiring in. extra material to make each upset, or 9 in. for the two up- 
sets. The weight of a turnbuckle for a 23^ in. screw is 25 lb. (Table 94). The clearance between 
the ends of the screws for all turnbuckles is 5 in. (Diagram at top of Table 92). 

The total length arid weight of the in. square bar is therefore: 
c. to c. of pins, less 5 in., = 29' 7" of i in. square bar, @ 10.41 lb. per ft. (Table 6) = 308.0 lb. 

Material for 2 loops == 4' o" of 1% in. square bar, @ 10.41 lb. per ft. (Table 6) « 41.6 lb. 

Material for 2 upsets = o' 9" of 1 in. square bar, @ 10.41 lb. per ft. (Table 6) = 7.8 lb. 

One Turnbuckle @ 25 lb. (Table 94) = 25.0 lb. 

Total Length = 34' 4" Total Weight =» 382.4 lb. 


If a sleeve nut is used, instead of a turnbuckle, its weight for a 2 H in. screw, is 19 lb. (Table 
94). The clearance between the ends of the screws is 3 in. for all sleeve nuts (Diagram at the top 
of Table 92). 

The total length and weight of 1 in. square bar when a sleeve nut is used is therefore: 
c. to c. of pins, less 3 in., =» 29' 9" of i in. square bar, @ 10.41 lb. per ft. (Tabic 6) * 309.8 lb. 

Material for 2 loops =* 4' o" of in. square bar, @ 10.41 lb. per ft. (Table 6) « 41.6 lb. 

Material for 2 upsets = o' 9" of 1% in. square bar, @10.41 lb. pc:r ft. (Table 6) * 7.8 lb. 

One sleeve nut @ 19 lb. (Table 94) “ 19.0 lb. 

Total Length » 34' 6" Total Weight » 378.2 lb. 


Bar with Clevises. — ^Select a bar to carry a tensile stress of 48,000 lb., the ends to be held 
by clevises, the distance center of pins being 12' o". 

Referenus . — Same as for loop bar, also, § 118, p. 84; § 19, p. 135; § 56, p. 285; § 88, p. 287. 
Soluiion . — Using an allowable unit stress of ft 16,000 lb. per sq. in., the area required ist 


A 


P ^ 48,000 
ft 16,000 


3.00 sq. in. 


A bar iH in. square has an area of 3.06 sq. in. (Table 6), and a 2 in. round bar has an area of 3.14 
sq. in. (Table 6). Either bar could be used. Using the 1% in. square bar a No. 6 clevis is 
required (Table 93). 
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The size of pin required by shear and moment can be obtained from the lower part of Table 
93, and is a 2 in. pin if the forks are closed, or a 3 in. pin if the forks are used straight. The 
thickness of connection plate required by bearing when a 2 in. pin is used, is 48,000 -r- (2.00 X 24,- 
000) « 1. 00 in., if a 3 in. pin is used the plate must be 48,000 (3.00 X 24,000) = 0.66 in. 

The weight of the bar and two clevises is estimated as follows: 

The length of the rod, allowing for clearance, etc., must be reduced by >1 — H in. =* 8 — 

«= 73^ in. (Table 93) at each end, or a total of 2 X 73^ = i' 3". The diameter of upset for a 
1% in. square bar is 23^ in., which requires 4H in. material to make each upset (Table 89), or 9 
in. for both upsets. 

The total length and weight of i in. square bar is: 

c. to c. of pins, less i' 3", ~ 10' 9" of i in. square'bar, @ 10.41 lb. per ft. (Table 6) = 1 1 1.9 lb. 
Material for 2 upsets = o' 9" of 1 in. square bar, @ 10.41 lb. per ft. (Table 6) = 7.8 lb. 

Two No. 6 clevises @26 Ib. (Table 93) = 52.01b. 

Total Length = ii'6" Total Weight = 171.71b. 


Eye-Bar. — Si'lect an eye-bar to carry a tensile stress of 190,000 lb., with an 8 in. pin at one 
end and a 6*^ in. pin at the other end, the length center to center of pins being 25' o". 

References. — § 37 , P- 7 ^; §116, p. 84; §172, p. 90; §92, p i 93 : § 14L P- 1941 § I 7 it P- 19b; 
§ U, I). 254; “ Minimum Bar,” p. 255; § 15, p. 257; §36, p. 258; §83, p. 261; § 162, p. 266; 
§ 38, p, 284; § 84, p. 287; § 139, p. 290; § 243, p. 293; § 282, p. 295. 

Solution . — Using an allowable unit stress of ft ~ 16,000 lb. per sq. in., the area required is, 


A 


P _ 190.000 
ft " 16,000 


11.87 sq. in. 


A bar 8 in. X in. has an area of 12.00 sq. in. (Table i). From Table 91, the maximum thick- 
ness allowed for an 8 in. bar on a 6}^ in. pin is 2 in., and the minimum is i in. (The value 6}.^ 
in. docs not appear in the table but it is less than 7 in., which is the maximum pin which can be 
used if the die referred to is used.) For an 8 in. pin the maximum thickness is 2 in. and the 
minimum l in. The bar selected satisfies these requirements as to thickness. 

The extra length of bar required to form a head for a 63'^ in. pin (die for 7 in. pin) is 2' 8" for 
ordering the bar, and 2' 3" for estimating the weight, and for an 8 in. pin 3' o" and 2' 6", respec- 
tively (Table 91). 

The total length and weight of eye-bar is therefore: 


C. to c. of pins 
Eye for 6H in. pin 
Eye for 8 in. pin 


- 25' o" of 8 in. X I H in. bar. @ 40.8 lb. per ft. (Table 2) 

=* 2' 3" of 8 in. X I in. bar, @ 40.8 lb. per ft. 

» 2' 6" of 8 in. X iVi in. bar, @ 40.8 lb. per ft. 


Total Length » 29' 9" Total Gross Weight 

The weight which must be deducted for pin holes (Table 6) is. 


Pin hole for 63^ in. pin is 1.5 -f- X2 X 112.8 * 14.1 lb. 
Pin hole for 8 in. pin is 1.5 12 X 1710 - 21.4 lb. 

Total weight to be deducted » 35.5 lb. 


1020.0 lb. 
91.8 lb. 
102.0 lb. 
1213.8 lb. 


The net weight of the eye-bar is then 1213.8 — 35.5 =■ 1178.3 lb. 

For the design of an eye-bar subject to flexure due to its own weight, see “Combined Flexure 
and Direct Stress” in this chapter. 

Angle in Tension. — Select an angle to carry a tensile stress of 40,000 lb., using % in. rivets. 
References.— i 37, p. 76; § 42, p. 77; § 46, p. 77; § 47, p. 77; § 48, p. 78; § 98, p. 83; § 102, 

p. 83; 5114, p. 84; S22, p. 129; §4, P i3x; §12, p. 133; §37. P. 189; §43, P- 189; §60, p. 191; 

§79, P-192; §26, p. 254; §45, P- 254; “ Fastening Angles,” p. 255; § 15, p. 257; § 21, p. 257; 

§ 74, P- 260; § 38, p. 284; § 55, p. 285; § 62, p. 286; § 77. p. 287; § 232, p. 443; § 8, p. 461. 
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Solution , — If fastened by both legs as in Fig. 2 the load may be considered as axial and the 
required net area» using an allowable unit stress of /# — 16,000 lb. per sq. in., is 


A 


P 4 0,00 0 
ft 16,000 


2.50 sq. in. 


Try one angle 4" X 4'' X Gross area * 2.86 sq. in. (Table 23 or Table 25). Net 

area, deducting one J's in. hole for a ^ in. rivet ~ 2.86 — .33 =* 2.53 sq. in. (Table n6). This 
angle will satisfy the conditions. This result can be obtained directly from Table 29. 

If the angle is fastened by one leg as in Fig. 3, the load will be eccentric and the problem 
more difficult. An approximate solution is to consider only the area of the attached leg as effect- 
ive. The solution would then be, as before 


A 


P _ 40,000 
ft 16,000 


2.50 sq. in. 



1 

■ 

1 



i 


0000 

0000 

1 

1 


o'^o'^d^oy 

1 





1 i 1 


( 

( 

L— ■ — ' 


Fig. 2. Angle Connected by Both Legs. Fig. 3. Ancle Connected by One Leg. 


Try one angle 6" X 4^' X with 6 in. leg attached. Gross area of 6 in. leg « 6 X 
« 3.00 sq. in., pet area « 3.00 — .44 » 2.56 sq. in., which will satisfy the conditions. 

Built-up Tension Member. — Design a built-up member to carry a tensile stress of 390,000 
lb., using in. rivets. 

References,— i P- 7^; §47. P- 77 ; § 102, p. 83; § iii, p. 84; § 114, p. 84; §5, p. 131; 

5 12, p. 133; § 37, p. 189; § 44, p. 189; § 75, p. 192; § 14 and § 26, p. 254; § 28, p. 258; § 52, 
P- 259; 5 38, p. 284; § 76 to 5 83, p. 286; § 138, p. 290; § 9, p. 461; 5 II, p. 464. 

SdiUion . — Using an allowable unit stress of ft * 16,000 lb. per sq. in., the net area required is, 


A 


P ^ 390,000 
ft 16,000 


24.4 sq. in. 


Try 4 angles 3H" X 3H" X and 2 plates 18 in. X Vi in., as shown in Fig. 4. Gross area 
« 18.00 4 * 13*00 * 3**oo sq. in. Referring to Fig. 4, it will be seen that the section n-n is the 
least section in the body of the member and that four rivet holes should be deducted from each 
nde to obtain the net section, giving a net area of 31.00 — 4.00 — 2.00 « 25.00 sq. in., 4.00 sq. 
in. being the area of holes in the plates and 2.00 sq. in. being the area of holes in the angles, de- 
ducting I in. holes for Vi in. rivets. This section has sufficient area, 24.4 sq. in. being required. 

If the ends of the members are to be riveted they should be designed as outlined under 
Riveted Connections and Joints” in this chapter. 

If the ends are to be pin-connected they may be designed as follows. Assume that sH in. 
inns are to be used at each end. The bearing area required allowing a unit stress of 24,000 lb. 
per sq. in., is 390,000 -f- 24,000 • 16.2 sq. in. This requires a total thickness of plates of 16.2 + 
5.5 » 2.95 in., or 1.48 in. on each side. The web plates are Vi in., the 611 plates must be at least 
Vi in., the thickness of the angles being Vi in., and using Vi in. outside plates the toul thickness of 
plates is 1*50 in., which satisffes the conditions, 1.4S in. being required. 
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The net area through the pin hole (section tn-m) must be 25 per cent in excess of the net 
area of the body of the member according to a common specification. It will probably be neces- 
sary to deduct the area of the pin hole and two rivet holes on each side, the rivet holes being so 
near the section m~m, see Fig. 4. The gross area through the pin hole is, web plates 2 X iS X H 
- 18.00 sq. in., angles 4 X 3*25 =* 13 00 SQ- in., fill plate 2 X n X H “ H OO sq. in., outside 
plate 2 X 17 X H = 17-00 sq. in. making a total gross area of 59.00 sq. in. The net area is 
59.00 ~ 2 X 5.5 X 1.5 — 4 X I X — 36.5 sq. in. The required net area through the pin 
hole is 1.25 X 25.00 * 31.3 sq. in. 



Fig. 4. Riveted Tension Member. 


The net area back of the pin hole parallel with the axis of the member (section 0-0) must not 
lx* less than the net area in the body of the member (sc*ction n-n) = 25.0 scp in. The total 
thickness of the metal at this section is 1.50 in. for each side. Therefore the net length back of the 
pin must lx; 25.00 2 X 1.50 =* 8.33 in. Assuming that not over three rivets will come in this 

st*ction, the total length back of the pin hole must be at least 8.33 -f 3.00 = 1133 in. 

The numlx;r of rivets rcciuired and the size of pin plates is considered under “ Riveted Connec- 
tions and Joints.” 

Unriveted Pipe. — Design an unriveted iron pipe 12 in. in diameter to carry an internal 
pressure of 400 lb. per sq. in. 

From Structural Mechanics, Chap. XVI (Formula 12a), f = wD -r 2 t; and ^ = tc; • Z) 2/, 
where / is the thickness of metal, w — unit internal pressure, D «= diameter and / the allowable 
tensile stress which will be taken as 12,000 Ib. per sq. in. 


t 


_ 400 X 12 
2/ 2 X 12,000 


0.20 in. 


MEMBERS IN COMPRESSION. — The design of compression members will be shown by 
several examples. 

Single Angle Strut — Select an angle to carry a compressive stress of 21,500 lb. The length 
center to center of connections is 6' o", and both legs arc to be fastened at the ends, Fig. 2. 

Rrfrrrncfs.—i ^ 6 , p. 76; §44, p. 77; §48, p. 78; § 105, p. 83; §5, p. 131; §38, p. 189; 
}6o. p. 191; §67, p. 191; §45, p. 254; § 16, p. 257; §20, p. 257; p. 267; §38, p. 284; §57, 
p. 285; § 231, p. 445. 

Solution. — Using /e «■ 16,000 — 70 //r lb. per sq. in., as the allowable unit stress and 125 as 
the maximum value for the ratio //r, the minimum value for r is as followns: 


//f - 125, or r » 


/ 


6 X 12 


0.58 in. 


125 125 

Any 3" X 3" angle will satisfy the requirement for l,’r (Table 23). The allovrable unit stress 
72 

will then be 16,000 — 70 X “ 7,300 lb. per sq. in. The area required will be 

The area of one angle 3" X 3" X 9/16" is 3.06 sq. in., which is sufficient. 
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Many other angles might be chosen but in no case could an angle smaller than 3" X 3" be 
used, for the requirement for //r would not be satisfied. Larger angles will give lighter sections 
and be more rigid. Any angle 3H" X 3)^" has a radius of gyration, r, of about 0.69 (Table 23), 
giving an //f of about 104, and an allowable unit stress of about 8,700 lb. per sq. in. and requiring 
an area of 2,47 sq. in., which would be provided by one angle 3H" X 3H" X The minimum 
angle satisfying the I'r requirement is found as a guide in the selection of sections but is rarely a 
satisfactory section, except for long members with low stresses such as lateral bracing. Table 41, 
Part II, gives the safe loads for single angle struts fastened by both legs. 

If the angle is fastened by one leg only as in Fig. 3, the load is eccentric and the problem is 
more difficult. An approximate solution is to consider only the area of the attached leg as effect- 
ive. As before the least radius of gyration must be not less than 0.58 in., which corresponds to an 
allowable unit stress of 7,300 lb. per sq. in., requiring the area of the attached leg to be at least 2.95 
sq. in. The requirement for radius of gyration would be satisfied by any 3?^^" X 3" angle, but 
to provide 2.95 sq. in. of area if attached by the 3H iii- leg the thickness would have to be 2,95 
- 5 - 3.50 =» 0.85 in. requiring a 3}^'' X 3" X angle, which is a very poor section and would 
be much heavier than a section with longer legs to satisfy the same conditions, and much less 
rigid. The least radius of gyrations of any 5" X 3H" angle is about 0.76 in. (Table 24), and the 
allowable unit stress will be 

72 

fc =» 16,000 — 70 //f = 16,000 - 70 X * 9,370 lb. per sq. in., 
requiring an area of the attached leg of 


A 


P ^ 21,500 
fc 9.370 


2.30 sq. in. 


2. to 

which would be provided by a 5" X 3}^'' angle of thickness equal to-^ = .46 in. An angle 

5 ^^ X 3 H" X could be used with the 5 in. leg attached. 

Double Angle Strut. — The member a-h Fig. 5 is to consist of two angles back to back sepa- 
rated by in. connection plates at the ends and washers in. thick in the body of the memlx^r. 
Design for a compressive stn^ss of 50,000 lb. 

References.— i 36, p. 76; §41, p. 77; §48, p. 78; § 105, 4. 83; §5, p. 131; §38, p. 189; 
S67, p. 191; §16, p. 257; §20, p. 257; §38, p. 284; §49. P- 285; § 231, p. 445; §10, p. 461. 

Solution . — Using /« =* 16,000 — 70 Ijr lb. per sq. in. as the allowable unit stress, and 125 as 
the maximum value for the ratio /;>, the minimum value for r is found as follows 


Hr 


125, or r 


JL ^ 8 X 12 

125 “ 125 


0.77 in. 


The lengths about axes X-X and Y-Y are equal, so that fora well designed member the radii 
of gyration about the two axes should be as nearly equal as practicable. This condition is satis- 
fied by using angles with unequal legs, short legs turned out. 

A member composed of two 2^" X 2" angles, H in. back to back, with short legs turned 
out will have a least radius of gyration of about 0.78 in. (Table 40), the value for axis X-X being 
about 0.78 in. and Y-Y about 0.95 in. The allowable unit stress is then /, — 16,000 — 70 //r 
8 X 1 2 

• 16,000 — 70 X ^ ^ “ 7»390 lb. per sq. in., requiring an area of 


A 


P ^ 50.000 
/• " 7.390 


6.76 sq. in. 


This area cannot be supplied by two 2 ^" X 2" angles, but even though it could, larger 
angles would be more economical as well as more rigid. The minimum angle satisfying the Ijf 
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requirement is found so as to guide in the selection of angles but is rarely a satisfactory section, 
except for a long member with low stresses, such as lateral bracing. 

Try two angles 4" X 3'' with the short legs turned out, ^ in. back to back. From Table 
40 it is seen that for any thickness the least radius of gyration will be about the axis X-Xj and 

8 1 2 

will be about 1.26 in., giving an allowable unit stress of fe = 16,000 — 70 X = 10,670 

lb. per sq. in., which requires an area of 50,000 -i- 10,670 = 4.68 sq. in. The area of 2 angles 
4" X 3" X =* 4.9b sq. in., which will satisfy the conditions. If the estimated radius of gyra- 
tion does not agree closely enough with the actual radius of gyration, another calculation should 
be made, but this is not often necessary. 

The sp>acing of the washers should be such that the I'r of one angle between the washers is not 

8 1 2 

greater than the Ijr for the whole member, or Vj == = 76.2, I = 76.2 X .64 = 48.7 in., 

0.64 being the least radius of gyration of one angle 4" X 3" X (Table 24). One washer in 
the center will be sufficient. 



If lengths about the two axes arc different, as is often the case in roof trusses and portals, the 
greatest value for Ijr should be used, the corresponding length and radius of gy ration being taken; 
for example in designing the mcml>or h-d. Fig. 5, as a strut the length corresponding to the axis 
Y-Y is 12' o", and to the axis X-X is 6' o". To make an efficient member the long legs should 
be turned out and fy should be equal to 2 X r,. 

The minimum allowable values of r, and fy are found as follows, 


Ijr = 125, r. 


JjL. = b X 12 

125 ^25 


0.58 in.; 


ry 


ly _ 12 X 12 
125 - 125 


1. 15 in. 


From Table 39 it is seen that any 2 X 2" angle with long legs turned out and ^ s in. back 
to back is the smallest angle which will satisfy the requirements for //r, r, = 0.58 in. and fy =* 1.26 
in. (approx.). The values for Ijr are 124 and 114, respectively, 124 being the greater. The 
allowable unit stress is then 


/c « 16,000 - 70 X 124 - 7,320 lb. per sq. in. 

If the stress in 6-c is the same as that in c-d, 19,000 lb. compression, the required area is, 


A 


P ^ 19.00Q 
/. “ 7.320 


2.60 sq. in. 


which will be taken by 2 angles 2H" X 2" X 5/*b", having r, « 0.58 In., and - 1.26 in. 
(Table 39). If the stresses in ^ and c-d are not equal proceed as above and design for the 
maximum. The spacing of the washers should not be greater than, / 124 X 0.42 — 52.1 in., 
0.42 in. being the least radius of gyration of one angle 2j^" X 2" X 
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If the controlling stress were 38,000 lb. compression, the required area for a}^" X 2" angles 
would be 


P ^ 38.000 
/, “ 7,320 


5.20 sq. in. 


which could not be supplied by two 2 ^'' X 2" angles, so that two X 3" angles will be used 
for which, r, = 0.90 and =* 1.66 for in. back to back, the values of //r are 


12 X 12 


6 X 12 
0.90 


80 and 


“ = 86.8, respectively, and the allowable unit stress is, fc — 16,000 — 70 X 86.8 = 9,930 


lb. per sq. in., requiring an area of ^4 = 30,000 9,930 == 3.83 sq. in., which will be furnished 

by two angles X 3^^ X The spacing of the washers should not be greater than, 

/ = 86.8 X 0.63 = 54.6 in., 0.63 in. being the least radius of gyration of one angle 3}^" X 3" 
X These results may be obtained by the use of Tables 43, 44 and 45, from which it is seen 

that the allowable stress in a member composed of two angles 3^" X 3" X 5 16" about axis 
i-l (K-F), the length being 12' o"', is 38,000 lb., and about a-xis 2-2 (X-X), the length being 6' o", 
is 40,000 lb., and the allowable load will be 38,000 lb. 

Two Angles Starred. — Design a member consisting of two angles starred, as in Fig. 6, to 
carry a compressive stress of 30,000 lb., the length to be 15' o" center to center of connections. 

Soiulian. — Using 125 as the maximum value of I 'r, and fc = 16,000 — 70 l/r lb. per sq. in. 
as the allowable unit stress, the minimum allowable value of r is found to be 


Hr 


= 125, r = 


J_ 

125 


15.x J 2 

125 


1.44 in. 
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Fig. 6. Two Angles Starred. 


From Table 67 it is seen that 4" X 4" angles are the smallest equal leg angles that can be 
used, and that r will be about 1.56 in., and the allowable unit stress is 


fc ** 

which requires an area of 


16,000 - 70 X 


15 X 12 
1.56 


7,920 lb. per sq. in., 


P „ 30,000 
/, ” >'920 


3.79 sq. in. 


The area of two angles 4" X 4" X M” is 3.88 sq. in., and f - 1.57 in., which will satisfy the condi- 
tions. The batten plates must have a spacing of not more than 


the value of 0.79 in. being the least radius of gyration for one angle 4" X 4" X (Table 23). 
Convenience in detailing may make it advisable to make / much less than 6' A spacing of 
3' 9'' was used as shown in Fig. 6. 



PLATE AND ANGLE COLUMN. 


711 


Plate and Angle Column. — Design a plate and angle column, Fig. 7, to carry an axial load of 
340,000 lb., the unsupported length being 16' o". 

Referenu 5 ,r---\ 36, p. 76; § 44, p. 77; § 106, p. 83; ( 5, p. 131. 

Solution . — A section with a 12 in. web plate and two 14 in. flange plates will be assumed. The 
angles will be spaced 123^ in. back to back to allow for an over-run in the web plate without inter- 
fering with the cover plates. 

The radius of gyration about the axis A-A, Fig. 7, is approximately 0.45 X 12.5 =» 5.62 in. 
(Table 136), and about the axis B-B is 0.23 X 14 = 3.22" (Table 136). The axis B-B will 
control the design. The allowable unit stress is ^ 


fc = 16,000 — 70 l/r lb. per sq. in. 
which requires an area of 



= 16,000 — 70 X 


16 X 12 
3 - 22 ~ 


340,000 

11,800 


28.8 sq. in. 


1 1 ,800 lb. per sq. in. 


Try a section consisting of four angles 6" X 4" X with long legs turned out, and I2j^ 
in. back to back, one web plate 12 in. X ?8 in. and two flange plates 14 in. X in. The prop- 
erties of various sections are given in Table 70. The properties of sections are calculated as 
shown at the bottom of the table. The radius of gyration about the axis A-A is found to be 
“ 5 * 5 ® about the axis B-B is = 3.14 in., and the area 29.44 sq. in. 

% 

I / ff 

.t 

Fig. 7. Plate and Angle Column. 



For this section the ratio I'j = 16 X 12 3.14 == 61.2 which satisfies the sp>ecification that 
the maximum value of I r is 125. The allowable unit stress is, 


fc 

and the required area is, 


16,000 — 70 X 61.2 = 11,700 lb. per sq. in.. 


A 


P 

/« 


340,000 

11,700 


= 29.1 sq. in. 


The area provided by the above section is 29.44 sq- in. 

Expansion Rollers. — Design the rollers for the expansion end of a single track railway bridge 
of 175 ft. span, the dead load stress being 110,000 lb., the live load stress being 282,000 lb., and 
the impact 178,000 lb. Total stress « 570,000 lb. 

References.— 7, p. 73; § 41, p. 189; § 81 to § 86, p. 192; § 19, p. 257; § 62, p. 260; { 38, 
p. 284; 591, p. 287. 

Solution . — The span being short a 6 in. roller will be used. The allowable stress per linear 
inch of rollers is 600 X d, when impact is considered, giving 600 X 6 =■ 3,600 lb. for 6 in. rollers. 

The number of linear inches required is, 570,000 '3,600 = 158 in. 

Five rollers 32 in. long provide 5 X 32 — 160 linear inches and occupy a space about 32 inches 
square. 

MEMBERS IN FLEXURE. — ^The design of structural members stressed in flexure will be shown 
by several examples. 

I-Batm. — Select an I-Beam to carry a uniform load of 1000 lb. per linear foot, the span being 
16' o'' and the ends simply supported. 
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References.— i 37, p. 76; §50, p. 78; §5, p. 131; § 7 . P- 132: 539 . P- 189: Sso, P- 190: 
555 . P191: 5 17 . P- *57: 5 29 and 5 30, p. 258: $38, p. 284; 548, p. 285; $116, p. 289. Trop- 
erties of I-beams and channels, are given in Tables 7 to 13, and Bethlehem beams in Tables 151 
to 160, inclusive. 

Solution , — ^The bending moment is 

M = Hw-/* » H X 1000 X 16* - 32,000 ft.-lb. - 32,000 X 12 in.-lb. - 384,000 in.-lb. 
From applied mechanics, 

M 

c 

The section modulus required is then. 


5 


L ,-M. - 3^4*000 

c ^ f 16.000 


24.0 in.* 


The section modulus of a 9 in. / @ 35 lb. is 24.7 in.*, and of a 10 in. I @ 25.4 lb. is 24.4 in.* 
(Table 7), either of which will carry the load, but the 10 in. I @ 25.4 lb. being lighter is the more 
economical, and being the minimum section is more easily obtained. 

The allowable bending moments in ft.-lb. for I-Beams, using a fiber stress of 16,000 lb. per 
sq. in., are given in Table 7. The I-Beam could have been selected directly from the moment 
making use of these values. The allowable bending moments for other unit stresses are propor- 
tional. 

The safe uniform load, in tons, for I-Beams are given in Table 12, using a fiber stress of 
16,000 lb. per sq. in. The I-Beam could have been selected directly from the load by using 
this table. Safe loads for other unit stresses are prop>ortional. 

If the I-Beam is not supported to prevent lateral deflection the allowable fiber stress must be 
reduced by the compression formula as shown in Table 12a. 

Design an I-Beam 14' o" long to carry a concentrated load of P « 20,000 lb. at the center 
of the beam. The maximum moment is at the center, and is, M — MP-l =■ K X 20,000 X 14 
* 70,000 ft.-lb. == 840,000 in.-lb. 

The required section modulus is, S ^ M f 840,000 16,000 « 52.5. In Table 7, the 
lightest beam that will carry the load is a 15 in. / @ 42.9 lb., which has a value of 5 * 58.9 in.=, 
and a bending moment of 79,000 ft.-lb. A 12 in. / @ 55 lb. will also carry the load, but is not an 
economical section. A concentrated load, P, at the center will give the same maximum stresses 
as a uniformly distributed load of 2P. From Table 12, a 15 in. I @ 42.9 lb. will carry a uniformly 
distributed load of 22 tons, which is sufficient. 

Two I-Beams with Separators. — Design a girder consisting of two I-Beams fastened together 
by means of separators, the girder having a span of 16' o" and carrying a uniform load of 2,000 
lb. per linear ft. 

Solution, — The bending moment is 


Af = I w./* « J X 2000 X 16* - 64,000 ft.-lb. - 798,000 in.-lb. 


From mechanics. 


The section modulus required is. 



-/. 5 . 


5 


/ M 798,000 
7 / “ 16,000 


48.0 in.* 


Each I-Beam must have a section modulus of } X 48.0 ■■ 24.0 in.* The section modulus 
of one 9 in. / @ 35 lb., is 24.7 in.* and of one 10 in. I @ 25.4 lb., is 24.4 in.*, either of which will 
carry one-half the load, but the 10 in. I @ 25.4 lb. being lighter is the more economical, and 
being the minimum section is more easily obtained. 

The allowable bending moments, in ft.-lb. for I-Beams, using a fiber stress of 16,000 lbs. per 
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•q. in. arc given in Table 7. The LBeama could have been selected directly from the moment 
making use of these values. 

The safe uniform load, in tons, for I-Beams is given in Table 12, using a fiber stress of 16,000 
lb. per sq. in. The I-Beams could have been selected directly from the load using this table. 

If the girder is not supported to prevent lateral deflection the allowable fiber stress must be 
reduced by the compression formula as shown in Table 12a. 

The separators for Carnegie I-Beams are given in Fig. 4, page 107, Chap. II. The separa- 
tors for Bethlehem beams are given in Table 158. 

Plate Girders. — ^The full discussion of the design of plate girders would require more space 
than is available. The following notes will be of value. 

References. — The following references should be consulted: 

Weights. — Pages 146, 198 to 206. 

Bending Moments and Shears. — Pages 207, 21 1, 212, 213, 214, 215, 216 to *221. 

Unit Stresses.— i 37, p. 76; $ 47, p. 77; § 50, p. 78; § 51, p. 78; § 52, p. 78; § 5, p. 131; 

§ 7 . P- 132; 5 37 to 5 44, p. 189; 5 50 to § 52, p. 190; § 15 to § 19, p. 257; § 29 to § 31, p. 258; 

} 77 to § 79. p. 260, § 38, p. 284; § 48, p. 285, § 1 16 to § 130, p. 289. 

Proportions of Parts.— i 3. p. 73; § 50 to § 54, p. 78; § 7, p. 132; § 3, p. 185; § 51, p. 190; 

p. 25 *; §77. 478. 5 79. P- 260; §80, p. 261; p. 267 to p. 272; §5*. P-285; §115, P-288 to 

5 133. P- 290. 

Details. — Pages 70, x68, 169, 237, 238. 

The gross and net areas of angles are given in Table 29; Area of Plates, Table i ; Areas to be 
Deducted for Rivet Holes, Table 116; Moments of Inertia of Angles, Tables 32, 33 and 34; 
Moments of Inertia of Web Plates, Table 3; Moments of Inertia of Cover Plates, Table 5: Prop- 
erties of Plate Girders, Table 87; Centers of Gravity of Plate Girder Flanges, Table 88. 
Nomenclature . — The following nomenclature will be used. 

M *■ resisting moment of section. 

V » vertical shear at section. 

/ *» allowable unit fiber stress. 

I * moment of inertia of gross section. 
r “ moment of inertia of net section. 

/w “ moment of inertia of gross section of web plate. 

Iw' =■ moment of inertia of net section of web plate. 

-d/' * gross area of one flange. 

net area of tension flange. 

A^ gross area of web. 

h » distance between centers of gravity of flanges. 

W ■■ distance between gage lines of rivets in tension and compression flanges. 
d n distance back to back of angles in flanges. 
c — distance from neutral axis to extreme fiber. 

P ■■ pitch of rivets in flanges, 
r — allowable resistance of one rivet. 

w ■■ concentrated load per unit length of rail «■ Pjl where P = concentrated load and 
I - distance over which the load, P, is considered as distributed (see § 5, p. 250). 

2 n « number of rivets on one side of web splice. 

Resisting Moment. — There are four methods now in use for determining the resisting moment 
ot a plate girder section. 

0 ) Assuming that all the bending moment is carried by the flanges (see § 29, p. 254), 

M - A,' -fh (0 

(3) Asauming that one-eighth the groas area of the web ia available aa flange area (see $ SO, 
p. 78; 1 50, p. 190; 1 39, p. 358: i 1 16, p. 389), 

U • (A,* + lAJ)-f h dO 
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(3) By moment of inertia of net section. 


M 


J-I! 


(I") 


(4) By moment of inertia of gross section (used by American Bridge Co. for plate girders 
for buildings), 

i 

(I'") 


u.fj. 


Rivets in Flanges Which do not Carry Concentrated Loads. 

(i) Assuming that all bending moment is carried by flanges, 
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Fig. 8. Web Splice for Plate Girder. Fig. 9. Web Splicp: for Plate Girder. 


P--y- 

(2) Assuming that one-eighth the gross area of web is available as flange area, 

Ar> -f M , r-h’ 
p X -y- 


(3) By moment of inertia of net section, 

P- 

(4) By moment of inertia of gross section, 


2rr 


2rl 

^ VArh 

Rivets in Flanges Carrying Concentrated Loads. 

(1) Assuming that ail the bending moment is carried by the flanges. 




(2) Assuming that one-eighth the gross area of the web is available as flange area, 

r 


P - 


(3) By moment of inertia of net section, 

P - 




(2) 

(3) 

(4) 

(5) 

( 6 ) 

(7) 

( 8 ) 
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(4) By moment of inertia of gross section, 

P 




\9J 


Rivets Connecting Cover Plates to Flange A ngles. 

(i) and (2). Assuming that all the bending moment is carried by the flanges, or that one- 
eighth the gross area of the web is available as flange area, 

n-r^d-Ap . 

P . (,o) 

where n = number of rivets on one transverse line. 

r ~ value of one rivet in single shear or bearing. 
d = distance back to back of angles. 

At' — total net area of cover plates in one flange. 

(3) By moment of inertia of net section, 


VAc'^hc 


(II) 


where A « 
kc 


where Ac ^ total net area of cover plates in one flange. 

he == distance between centroids of all cover plates in tension flange and all cover plates 
in compression flange. 

(4) By moment of inertia of gross section, 

2n'J'r 

- VHTS 

total gross area of cover plates in one flange. 

distance between centroids of all cover plates in tension flange and all cover plates 
in compression flange. 

Web Splice. — An ordinary web splice is shown in Fig. 8. Where splice plates are designed 
to carry j>art of the moment as well as the shear the splice shown in Fig. 9 is sometimes usckI. 
Plates AB and A'B' are assumed to transfer that part of the moment carried by the web, and 
plate CD to transfer the shear. Two lines of rivets should be used in each section of the web 
spliced. The number and spacing of rivets in a web splice can be determined only by trial, 
except when the first method for proportioning the section is used. The rivet most remote from 
the neutral axis is the most severely stressed. 

(i) Assunting that all the bending moment is carried by the flanges, 

^ ■- ' (.3) 


2 n 


^ V 
and 2n - — 
r 


(2) Assuming that onc^eighth the area ^f web is available as flange area, 
outermost rivet is given by the formula, where M' is moment carried by web, 




The stress in the 


(14) 


(3) By moment of inertia of net section, 
formula; 


The stress in the outermost rivet is given by the 




(15) 


(4) By moment of inertia of gross section, 
formula 


The stress in the outermost rivet Is given by the 


For the details of a web splice, see Fig. 16. 


(16) 
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Flange Splice , — Flanges should never be spliced unless it is impossible to get material of 
the required length. Flange splices should always be located at points where there is an excess 
of flange section, no two parts of the flange should be spliced within two feet of each other. Rivets 
in splice plates and angles should be located as close together as possible in order that the transfer 
may take place in a short distance. No allowance should be made for abutting edges of spliced 
members of the compression flange. 

Flange angles should be spliced with a splice angle of equal section riveted to both legs of 
the angle spliced. Where this is impossible the largest possible splice angle should be used and the 
difference made up by a plate riveted to the vertical leg of the opposite angle. The number of 
rivets required in the splice angle on each side of the joint in the angle is given by the formula, 


n 



( 17 ) 


where / = the allowable unit stress in the flange, A *• area of spliced angle, and r * the allow- 
able stress on one rivet. Rivets which are already considered as transferring the shear may be 
considered as splice rivets if they are included in the splice angle. 

Cover plates should be spliced with a splice plate of equal section. The number of rivets 
required in the splice plate on each side of the joint is determined by the above formula if the plates 
are in direct contact in the same way as for splice angles. Where one or more plates intervene 
between the splice plate and cover plate which it splices, rivets should be used on each side of the 
joint in excess of the number required in case of direct contact, to an extent of one-third that 
number for each intervening plate. 

The above methods for flange splicing apply only when methods (i) and (2) of proportioning 
sections are used, but may be used with sufficient accuracy when methods (3) and (4) are used. 
Strictly speaking for methods (3) and (4) splice angles and plates should have moments of inertia 
about the neutral axis, equal to the moments of inertia of the members they splice, about the 
neutral axis. An exact analysis for the number of rivets required in splices would give a less 
number than obtained from above formula. 

Stiffeners . — For method of designing stiffeners see §52, p. 78; 5 7, p. 132; 551, p. 190; 
S 79, p. 260; § 124, i 125, p. 289. 

Pins and Pin Packing. — A pin under ordinary conditions is a short beam and must be designed 
(i) for bending, (2) for shear, and (3) for bearing. If a pin becomes bent the distribution of the 
loads and the calculation of the stresses are very uncertain. 

The cross-bending stress, /, is found by means of the fundamental formula for flexure, 
f =» M‘cll, where the maximum bending moment, Af, is found as explained later; I is the moment 
of inertia; and c is one-half the radius of a solid or hollow pin. 

The safe shearing stresses given in standard specifications are for a uniform distribution of 
the shear over the entire cross-section, and the actual unit shearing stress to be used in designing 
will be equal to the maximum shear divided by the area of the cross-section of the pin. 

The bearing stress is found by dividing the stress in the member by the bearing area of the 
pin, found by multiplying the thickness of the bearing plates by the diameter of the pin. 

References.— i 38, { 39, p. 76; } 40, p. 77; | III, p. 84; ( 39, ) 40, ( 41, p. 189; t 74, § 75, 
i 76, p. 192; S 92, p. 193; { 17, } 18, i 19, p. 257; §28, p. 258; i 52, p. 259; i 54, p. 259; i 136 
p. 264; p. 267 to p. 268; { 38, p. 284; t 79, f 83, p. 287; p. 506. 

Det^s of Pins . — Details of bridge pins arc given in Tabl^ 95, Part ll. 

Stresses in Pins . — The method of calculation will be illustrated by calculating the stresses in 
the pin at Ui in (a) Fig. 10. In the complete investigation of the pin Ui, it would be necessary 
to calculate the stresses when the stress in UiUs was a maximum, and when the stress in UiLt 
was a maximum. Only the case where the stress in UiUttBA maximum will be considered. How- 
ever, maximum stresses in pins sometimes occur when the stress in UiLt is a maximum, and this 
case should be considered in practice. 
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Bending Moment , — The stresses in the members are shown in (c) Fig. lo, which gives the 
force pofygon for the forces. The make-up of the members is shown in (a), and the pin packing 
on one side is shown in (b). The stresses shown in (c) are applied one-half on each side of the 
member, the pin acting like a simple beam. The stresses are assumed as applied at the centers 
of the plates which make the members. 
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d-- 126500*5.06 
-e4/00»L25‘205000*' 


Fig. 10. Calculation of Stresses in a Pin. 


Calculation of Stresses in a Pin . — The amounts of the forces and the distances between their 
points of application as calculated from (b) are shown in (d) Fig. lo. The horizontal and vertical 
components of the forces are considered separately, the maximum horizontal bending moment 
and the maximum vertical bending moment are calculated for the same p>oint, and the resultant 
moment is then found by means of the force triangle. 

In (d) the horizontal bending moments are calculated about the points i, 2, 3, 4; the maximum 
horizontal moment is to the right of 3, and is 208,600 in.-lb. The vertical bending moments are 
calculated about points 5, 6, 7, 8; the maximum bending moment is to the right of 8, and is 
283,000 in.-lb. The maximum bending moment is at, and to the right of 4 and 8, and is, M — 
■'/2o8,6oo* -h 283,000* * 351,600 in.-lb. Substituting in the formula, / * M-cfl, the maximum 
bending stress is / » 16,600 lb. per sq. in. The allowable bending stress in pins for which this 
bridge was designed was 18,000 lb. per square inch. The allowable bending moments on pin 
are given in Table 98. 

Shear , — The shear is found for both the horizontal and vertical components as in a simple 
beam, and b equal to the summation of all the forces to the left of the section. The maximum 
horizontal shear is between i and 2, and is 165,400 lb. The shear between 2 and 3 is 165,400 
99*300 • 66,100 lb. The maximum vertical shear is between 6 and 7, an d is 126,300 lb. The 
rcultant ihemr between a end 3, and 6 and 7, is, V - ^126,3008 + 66,100* - 145,000 lb., which 
ia teaa than the horisontal shear between i and a. The maximum shear, therefore, cornea 
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between l and 2, and is 165400 lb. The maximum shearing unit stress is 165400 + 28.27 • 
5,850 lb. per sq. in. The allowable shearing stress was 9,000 lb. per sq. in. 

Btforing.— The bearing stress in UUi is 160,650 -i- (6 X 1.94) “ 13.800 lb. Bearing stress 
in UiUi is 165,400 -5- (6 X 1.88) « 14,600 lb. Bearing stress in UiLi is 42,200 (6 X 0.89) 
* 7,900 lb. Bearing stress in U1L2 is 107,000 (6 X lA) ~ 12,400 lb. per sq. in. The 
allowable bearing stress was 15,000 lb. per sq. in. Allowable bearing stresses on pins are given 
in Table 97. 

For the calculaticn of the stresses in pins, see the author’s “Design of Highway Bridges 
of Steel, Timber and Concrete.” ' 

Pin Packing , — For details of pin packing see pages 267 and 268. Details of pins are given 
in Table 95, Part II. 

Corrugated Steel Roo mg. — For the calculation of the strength of corrugated steel and for 
a diagram for the safe loads for corrugated steel, see Fig. 18, Chap. I, page 22. 

Bearing Plates. — The bearing plates required for beams and columns, Fig. ii, may be deter- 
mined by the following formulas. 

Let R = reaction of beam or load on column. 

A *= area of bearing plate. 
w =s allowable unit pressure in masonry. 

/ = allowable fiber stress in plate. 

P =« projection of bearing plate beyond any edge of beam or column. 

Area of bearing plate. 



Fig. II. Bearing Plates. 


il 

(18) 

Thickness of bearing plate required by a given projection. 



(19) 

Safe projection for a given thickness of plate. 


it 

1 

(20) 


The allowable pressures of bearing plates on masonry (value of w) are given in Table VIII, 
page 99. Standard bearing plates for I-beams are given in Table 8; for channels in Table 15. 
The length of I-beams which should bear on plates in order that the full shearing strength l^ 
developed is given in Table 11; and of channels in Table 16. 

For a full discussion of bearing plates, see Bulletin No. 35, University of Illinois Engineering 
Experiment Station, entitled ‘*A Study of Base and Bearing Plates for Columns and Beams," 
by Professor N. Clifford Ricker. 

COMBIIfED FLEXURE AND DIRECT STRESS. — ^The formulas for combined flexure and 
direct stress are given in section 26, Chapter XVI. The design of members stressed in com- 
bined teture and direct stress will be shown by several examples. 

]l^e»Bar»r— An eye-bar in a structure carries a direct stress due to the dead and live loads, 
and in addition is stressed in flexure due to its own weight. 
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If P * direct stress in eye-bar; Mi » bending moment due to weight in in.-lb.; c =* distance 
from neutral axis to extreme fiber * h/2, where h = depth of eye- bar; / =* length of bar, c. to c. 
of pins, t »■ thickness of eye-bar in inches; I = moment of inertia of eye-bar = ^ t-h*; k is a, 
coefficient depending upon the condition of the ends being approximately lo for eye-bars with pin 
ends, 24 for one pin end and one fixed end, and 32 for two fixed ends; E = modulus of elasticity 

p 

of steel « 28,000,000 lb. p)er sq. in.; and — —'r = unit stress due to direct loads. Then 

t • n 

the stress due to combined flexure and direct stress will be 

k‘E 

Now, Mi « where w =* 0.28 t-h = the weight of the bar per lineal inch; P — 

r = A,2; / «* k *»* lo; and E = 28,000,000 lb. per sq. in.; and substituting 


12 ^ 10 X 28,000,000 


4,900,000/1 

fi -f 23,000,000 I 


then fi is the extreme fiber stress in the bar due to weight, and is tension in the lower fiber and 
compression in the upp)er fiber. 

If the bar is inclined, the stress obtained by formula (22) must be multiplied by the sine 
of the angle that the bar makes with a vertical line. 

Diagram Jar Stress in Bars Due to Weight . — Taking the reciprocal of equation (22) 


4,900,000/1 


23,000,000 

4,900,000^ 


' 

A diagram for solving equation (23) is given in Table 134, Part II, which see. The intersections 
of the inclined lines in Table 134 correspond to depths of eye-bar that give maximum stresses 
due to weight. 

End-Post — E)csign the end-post, Fig. 12, for a 160 ft. span through highway bridge. Panel 
length, 20' 0''; depth of truss c. toe. of pins, 24' o"; length of end-post, 31' 3''. The direct 
stresses are as follows; dead load stress — 30,000 lb.; live load stress = 60,000 lb.; impact =* 
100/(160 -f- 300) X 60,000 =* 13,000 lb,; total direct stress due to dead load, live load and 
impact — 103,000 lb. The bridge is to be a class Dt bridge designed according to the “ General 
Specifications for Highway Bridges,” in Chapter III. From § 38 of the sj)ecifications the allow- 
able unit stress is/e * 16,000 — yol/r. The section will be made of two channels and one cover 
plate. Try a section made of two 10 in. channels @ 15.3 lb., and one 14 in. by 5/16 in. plate, (6), 
Fig. 12. From Table 82, Part II, the radius of gyration about the horizontal axis A-A , is = 3,99 
in., and about the vertical axis B-B is, =* 4.67 in., and the eccentricity is, « = 1.70 in. The 


allowable stress is then /. * 16,000 — 


70 X 375 


» 9,400 lb. per sq. in. The required area will 


be » 103,000 + 9,400 - 10.96 sq. in. The actual area is 13.30 sq. in. While the section ap- 
pears to be excessive, it will be investigated for stress due to weight, eccentric loading and ^nnd 
before rejecting it. 

The area, radii of gyration and the eccentricity may be calculated as follows. 

To calculate the area 

area of two 10 in, channels (Table 14) « 8.92 sq. in. 

area of one 14 in. by 5/16 in. plate (Table a) — 4.38 sq. in. 

Total area « 13.30 sq. in. 
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To locate the neutral axis take moments about the lower edge of the channels 

. 8 . 9 » X 5 -t- 4-38 X 10.156 . 

13-30 

The eccentricity is « ■» 6.70 — 5.00 * 1.70 in. The moment of inertia 7 ^, about axis A- A 
may be calculated as follows: 

Let /* * / of channels about center of channels (Table 14). 

/p * / of plate about center of plate (Table 4). 

At * area of channels (Table 14). 

Ap — area of plate (Table i). 



Fig. 12 . Ekd-Post of a Highway Bridgb. 

Then 7 ^ * 7 e + 7 p 4 - X 1.70* + X 3 - 456 *- 

« 2 X 66.9 -f 0.04 -h 8.92 X 1.70* -f 4 - 3 ® 3 456* 

= 133-8 -f 0.04 4 - 25,76 4 - 52.20 

* ^ 11 -80 in. * 

Then » *^ 7 ^ -i- 4 * ^211, So -5-13.3 * 3-99 >«• 

The moment of inertia 7 ^, about axis B-B may be calculated as follows. 

Let 7 / * 7 of channels about neutral axis parallel to the web (Table 14). 

7 / ■■ 7 of plate about vertical axis (Table 3). 

At area of channels (Table 14). 

From Table 82 the distance back to back of channels is in. From Table 14 the distance 
from neutral axis to back of channel is 0.639 The distance from neutral axis of channeb* to 
axb B-B U 4.25 4 “ 0.639 « 4.889 in. (4.89 in. will be used). 

Then Ib - 7/ 4- 7p' 4- ^4, X 4 - 89 * 

- 4.60 4 - 7* 46 4 * 9*82 X 4 89* 

- 4.60 4 * 7**46 4 - 213.28 

- 2 89.34 in .* 

Then fj • "^Ib + ^4 - ^289.34 -4- 13.3 -• 4.87 in. 
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Stress Due to Weight of Member . — The total weight of the member will be 
Two 10 in. channel8@i5.3 lb.,31' 6" long =« 945 lb. 

One 14 in. X 5/16 in. plate @ 14.88 lb., 30' o" long * 447 lb. 

Details and lacing about 25 per cent « 308 lb. 

Total Weight, W » 1700 lb. 

The bending moment due to weight of member is = i IF*/ -sin $. 

Stress due to weight 

^ _ M‘C \W-l'S\n e^x , ^ 

p.jk p.jt 

“ lol ~ Tol 

The stress due to weight in the upper fiber will be 

/ = i X 1,700 X 3 7 5 X 0 .64 5 X 3*6125 

211 8 ^03.ooo'x 3 75* 

10 X 30,000,000 
« 940 lb. per sq. in. 

The stress due to weight in the lower fiber is 

“ 6.70 X 940 -i- 3.6125 
= — 1745 Jt). per sq. in. 

Stress Due to Eccentric Loading . — The pins were placed J inch above the center of the channels, 
and the stress due to eccentric loading will be 

/ _ _ P X (1.70 - 0.5) X c f . 

J* p.jt p.jt 

^ ~ loB ^ ~ ToE 

The eccentric stress in the upper fiber will be 

/ =: loa^QQQ X 1.20 X 3»6 i 2S 

211 8 - 

10 X 30,000,000 
=» — 2,280 lb. per sq. in. 

The eccentric stress in the lower fiber is 


/. = + 6.70 X 2,280 + 3-6125 
= 4- 4.230 lb. per sq. in. 

The resultant stress due to weight and eccentric loading is /i « /» -f /• *= -f 940 — 2,280 « 
— 1,340 lb. in the upper fiber, and — 1,745 + 4*230 = 2,485 lb. per sq. in. in the lower fiber. 

The allowable stress due to weight and eccentric loading is greater than 10 per cent of the 
allowable stress and must be considered, with the allowable unit stress increased by 10 per cent 
(§ 48. P* 190). 

The total unit stress in the member will be, / « 103,000 -f- 13.30 -f- 2,485 *= 7,752 + 2,485 
"* 10,237 lb. per sq. in. The allowable unit stress when weight and eccentric loading are con- 
sidered is 9,400 X 1. 10 -■ 10,340 lb. per sq. in., which is sufficient. 

Stress Due to Wind Moment . — The stresses in the portal and the direct wind stresses in the 
end-post when the end-post is assumed as pin-connected at the base are shown in (d) and («) Fig. 
12. The end-posts may both be assumed as fixed if the windward end-post is fixed. To fix the 
windward end-post the bending moment must not be greater than the resisting moment which 
will be 

M. ^ H (90,000 - F - Z)')o/2 

where V • 5,060 lb. and D* ■■ 7,000 lb. the direct stress due to wind, and a ■« distance center 
to center of metal in the sides of the end-post -• 8.87 in., (/), Fig. 12. (The impact stress is 
omitted.) If y«is taken equal to \d 10' o'' 120 in., we will have 

2,000 X 120 < (90,000 - 5,060 - 7.000) 8.87/2 
which makes 240,000 < 345,600, and the end-post may be assumed as fixed at the base. 

4T 
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The stress due to bending moment due to wind loads in the leeward end-post will be» 




M^c 


I - 


loE 


289.4 - 


2 40,000 X 7 

(90.000 -t- 5.060 4- 7,000)258* 
10 X 30,000,000 


6,730 lb. per sq. in. 


(27) 


The total stress due to direct wind load will be /«, = (5060 -f 7000)/ 13.30 =» -f 910 lb. per 
sq. in. The total maximum wind load stress will come on the windward fiber of the leeward 
end-post, and will be fj' = + 6,370 -f 910 = -f- 7,280 lb. per sq in. 

The maximum stress due to direct dead and live loads (not including impact) and wind load 
stresses will be 

/ = 90,000 -i- 13-30 4 - 7»28o 
= 6,770 -f* 7,280 = 14,050 lb. per sq. in. 

From § 46 in the specifications the allowable stress may be increased 50 per cent when direct 
and flexural wind stresses are considered. 

The allowable stress w'hen both direct and flexural wind stress are considered is then 
/c = 9,400 X 1.50 = 14,000 lb. per sq. in. 

The stresses in the windward post will be less than in the leeward end-post calculated above. 

While the section assumed appeared to be excessive, the additional area and the width of 
plate are required to take the flexure due to wind loads. 

For the method used by the C. M. & St. P. Ry. for the design of an end-post, see p. 270. 

Column of a Transverse Bent. — Design a column similar to that of the transverse bent shown 
in Fig. 3, Chapter XVI, but having column length of 25' 6" and l)eing hinged at the base. Direct 
stress = 4 - 12,800 lb., Ixinding moment at foot of knee brace = 181,250 ft. -lb. Shear = H 
= 13,500 lb. 

References , — § 36, p. 76; § 41, § 44, p. 77; § 106, § 108, p. 83. 

Solution . — A section composed of four angles and a plate will be used. The column will be 
supported laterally by the girts so the length in that direction will be taken as X 25' 6” «* 12.75 
ft. 

Try 4 angles 5" X 3H" X Vi", long legs out, i8J^ in. back to back and one web plate 18 in. 
X in. Distance between rivet lines =ai 8 H““ 2 X 2 * 14H Maximum allowable 
distance for % in. plate = 40 X ^ « 15 in. 

Using method at bottom of Table 69, >4 * 22.75 I a 1.311 in.^; Ib " 94-6 in.^; 

~ 7*59 ! “ 2.04 in. The greatest value of I -i- r ^ >2.75 X 12 -t- 2.04 75.0. The 

maximum allowable value of / r * 125. The allowable unit stress is: 

1.50(16,000 — 70 //r) « 1.50(16,000 — 70 X 75.0) — 16,100 lb. per sq. in. 

The actual unit stress is: 


?. 4. ^ 1 2,800 181,250 X 12 X 9.25 

^ ^ / * ^ 2*75 ^ j.ji _ 12,800 X 25.5* X 12* 

loE ^ 10 X 30,000,000 


16,000 lb. per sq. in. 


Floorbeanu — Floorbeams are designed in the same way as other plate girders. The action 
cut away for clearance at the joint must be strengthened by means of plates as shown in Fig. 13. 
To determine the strength at the weakest section, A- A , the following method is used. 

The floorbeam is drawn to scale in Fig. 13, so that distances can be scaled and the maximum 
floorbeam reaction 189,980 lb. be resolved graphically, in the center line of the post, into 80,000 
lb. normal to A-A, which produces direct tension on the sectiofli A^A, and 173,000 lb. parallel 
to whkh produces shear and flexural ftresa. 
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Rivet holes are considered as spaced 3 in. along the section A-A , for when the beam is detailed 
it is not probable that they will be spaced closer than 3 in. Holes are deducted from the tension 
side only, i in. holes being deducted for in. rivets. 

The plates may not be exactly as indicated on Fig. 13 for it may be necessary to alter them 
slightly in detailing, but small changes will not change the results materially. It is quite an 
advantage to have the investigation made before the beam is completely detailed as alterations 
are more easily made at that time if the beam proves weak in any particular. 

The curved angle at the bottom ill not be considered as adding to the strength. 

Values for the area, eccentricity and moment of inertia are found as follows. 

First the moments and moments of inertia of the separate parts are found about an axis 
through the geometric center of the section, the eccentricity is then calculated. The moment 
of inertia about an axis through the center of g^a^ ity is found by subtracting the product of the 



area and the eccentricity squared from the moment of inertia about the axis through the geometric 
center or 

Note . — For sake of simplicity the total section was divided up as follows: 

i 4 , includes three H in. and two in. plates, the 6" X 5 ^" legs of the flange angles and % 
in. -f in, of the 4" X leg. The spaces allowed for clearance were considered as solid with 
no appreciable error. 

B, includes the remainder of the 4" X 5 ^" legs of flange angles. 

C, includes the H in. outside plates considered as solid. 

Z>, includes the rivet holes, i in. in diameter and 3.5 in. long, spaced 3 in. center to center. 
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Tables of Areas, Moments and Moments of Inertia 


Section. 

Size. 

In. 

Area, 

Sq. In. 

Y%, 

In. 

Moment. 

In.-Lb. 

Y%, 

In. 

U, 

In*. 

A 

3 S S X 2.7s 

+ 97-6 

0 

0 

0 

0 



Moment of Inertia about own axis 

-f 10,250 

B 

S. 7 S X 0.62s 

+ 3-6 

+17-4 

+ 62.6 

+ 17.4 

4- 1,088 



Moment of Inertia about own axis 

0 

c 

18.0 X 0.7s 

+ I 3 -S 

- 8.8 

— 1 18.6 

- 8.8 

+ >.044 


j 

Moment of Inertia about own 2 

ixis 

+ 363 







12,747 

D 

5X1X35 

-“I 7 -S 

- 9-3 

4-162.6 

- 9-3 

- L 5 U 



Moment of Inertia about own axis 

- 31S 



+ 97 * 


4-106.6 


10,919 

e ■* 

106.6 + 97.2 = 1.10 

= 97 2 X 1. 10* * 



- 117 

Total moment of inertia about centroidal axis = 



10,802 


The bending moment of this section, from Fig 14 is 

M = 189,980 X 27 * 5,130,000 in.-lb. 
or 

M = 173,000 X 29.5 * 5,130,000 in.-lb 
The direct tension is 80,000 lb. 

The shear on the section is 173.000 lb. 

Compression in extreme fiber due to moment 

=* Af c' 4 - 7 « (5,130,000 X 16.65) 10,802 == 4 - 7,850 lb. per sq. in. 

Tension in extreme fiber due to moment is 

S\ =“ M « 5,130,000 X 18.85 10,802 « - 8,950 lb. per sq. in. 

Tension on whole section due to direct stress 

St « P/o « 80,000 •¥ 97.2 * — 820 lb. per sq. in. 

Total compression in extreme fiber 

5 » 5 i -I- 52 « 7,850 — 820 « + 7,030 lb. per sq. in. 

Total tension in extreme fiber 

5 » 5 i + *52 - - 8,950 — 820 - — 9,770 lb. per sq. in. 

Unit shear is approximately 

5 - 173,000 4 - 97.2 » 1,780 lb. per sq. in. 

The allowable unit stress in compression - 16,000 lb. per sq. in. 

The allowable unit stress in tension » 16,000 lb. per sq. in. 

The allowable unit stress in shear « 10,000 lb. per sq. in. 

END CONNECTIONS FOR TENSION AND COMPRESSION MEMBERS.— For simple 
connections with concentric stresses the number of rivets in riveted end connections may be taken 
as equal to the total stress in the member divided by the allowable stress on one rivet for bear- 
ing or for shear, Table 114, whichever gives the larger number of rivets. Specifications uni- 
formly require that the connections of members be designed to develop the full strength of the 
member. The minimum number of rivets in shop connections should be two rivets, except for 
lacing bars; while the minimum number of rivets in field connections should be three rivets, 
except for lacing bars. In lateral bracing or stiff bracing or struts the actual number of rivets 
required to develop the full strength of the member should be increased by two rivets, for the 
reason that two rivet holes are almost certain to be badly distorted by the drift pins in draw- 
ing the member up. Rivets should be grouped symmetrically about the neutral axis of the 
member or the eccentric stresses should be calculated and provided for. The strength of a struc- 
ture depends very much upon the strength of the connections, and the details of the joints and 
connections should be worked out with great care. 
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References.— \ 92, § 96, { 98, { 109, p. 83; § no, § in, p. 84; J 13, § 14, § 15, p. 133; { 116, 
p. 134; § 40. § 41. P- 189; § 60, 5 62, J 66, § 67, 5 69, § 70, p. 191 ; § 37, § 39, 5 43, P- 44; § 46, 
§ 47, J 52, p. 259; § 57, { 60, p. 285; i 65, } 67, § 69 to 5 73, p. 286; § 79. § 80, p. 287. 

Strut or Tie. — Design the end connection for a 4" x 4" x angle, carrying a stress (either 
tensile or compressive) of 40,000 lb., the angle being fastened by both legs to a ^ in. plate as shown 
in Fig. 2, using ^ in. rivets. 

Solution. — The allowable stress on one % in. rivet in single shear is 5,300 lb. and in bearing 
on a ^ in. plate is 6,750 lb., using 12,000 lb. per sq. in. and 24,000 lb. per sq. in. as the allowable 
stresses in shear and bearing, respectively. Table 1x4. The shear evidently controls, and the 
number of rivets is 

40,000 , ^ . 

n “ = 7.6 or 8 nvets. 

5.300 

Four of these will be placed in the main angle and four in the lug angle. In order to transfer 
the proper portion of the stress to the lug angle, the number of rivets between the main angle 
and lug angle must be equal to the number of rivets in the lug angle, or four in this case. 

If the angle is connected by one leg only the eight rivets will be put in one leg as shown in 
Fig- 3- 

Pin-connected Top Chord. — Design the end connection for the top chord of a pin-connected 
bridge as shown in Fig. 14. Length center to center of pins = 25' o". Rivets in. 

Solution. — The connections should be designed to carry the full strength of the member and 
not the stress that it carries. The allowable unit stress is /« = 16,000 — 70 //r = 16,000 — 70 X 

2C ^ J2 

— « 13,420 lb. per sq. in. Total stress = 13.420 X 51.84 = 695,700 lb. 

0.12 

The entire stress of 695,000 lb. must be transferred from the member to the pin through the 
pin plates and web plates. In the body of the member the stress is distributed among the dif- 
ferent parts in proportion to the gross area, or as follows: 



/Coy.Pt. 

ZWb.Ph.eOxi '' 
2Top iPAxdxh" 
Z S^.2?.6x4xf‘' 


Area oP Secthrj'SL 84in* 
LeasiPadi/s 

QpOyrathn -SJZin. 


Fig. 14. End Connection of Top Chord. 


Item. 

Material. 



1 Cover Plate 

2 Top Angle! 

2 Web Plates 

2 Bottom Angles 

24 in. X A in- 
4 '’X 4 "X^" 

20 in. X i in. 

6" X 4" X 1" 

13.50 X 13,420 181,000 lb. 

6.62 ^ - 88,900 “ 

20.00 “ - 268,500 “ 

XI.72 “ » 157,300 ** 

90,500 lb. 
444 SO “ 

‘rsielo “ 

51.84 X 13 . 4*0 “ ^95.700 Ib. 

347,850 lb 
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The total bearing area required on one side of the member is, 

A = * 14.49 sq. in. 

24,000 t --i 

The toul thickness of bearing required on one side, using a 6>i in. pin, is, 

. 1449 

This thickness will be provided by the plates A, B, C, D and E as shown in Fig. 14. The 
plate B in the web and has a thickness of in. Plate C must act as a fill plate so must be of the 
same thickness as the bottom angles or ^ in. The outside plate E and the inside plate A should 
be thinner than D so they will be made J g in., and D will be made Yi in. The actual thickness of 
bearing is then 2.375 in., and the required thickness is 2.32 in. In arranging the plates a clear- 
ance of Y% in. should be allowed between the plates which pass around the pin, and the nearest 
plate as shown in Fig. 14. It is necessary to put a 3/16 in. fill plate, F, opp>osite the top angle 
to make up for the difference in thickness in the in. bottom angle and the 7/16 in. top angle. 

The stress transmitted to a plate by the pin is equal to the ratio of its thickness to the total 
thickness, multiplied by the total stress. The stresses in the various plates are as follows. 

Stress in .4 = X 347.850 = 54.920 lb. 

s => X 347.850 = 73.240 Ib. 

c = X 347.850 = 91.530 lb. 

^ X 347.850 =■ 73.240 lb. 

JS =■ X 347.850 = 54.920 lb. 

Total = 347.850 lb. 

An exact solution for the number and location of rivets is not practicable. A common solu- 
tion is to consider that all the pin plates transmit their stress to the web and that the web, in turn, 
distributes this stress over the section. This solution overstresses the web in the vicinity of the pin. 

A better solution is to consider that the stress in the cover plate and top angles is transmitted 
in double shear or bearing on the vertical leg of the top angles from the web plates and pin plates 
through the rivets in the vertical leg of the angles. The stress in the bottom angles is transmitted 
in double shear or bearing on the vertical leg of the bottom angles from the web plates and pin 
plates through the rivets in the vertical leg of the angles. The stress on the rivets between the 
web plate and plate C is equal to the sum of the stresses in C, D and E, minus one-half the sum of 
the stresses in the cover plate, top angles and bottom angles on one side. 

The number of rivets in the plate A is determined by the stress in A only, and is controlled 
by single shear and is, 

„ = 5129?? _ 8 rivets. 

7,220 

The number of rivets in the plate E is determined by the stress in E only, and is controlled 
by single shear and is, 

n s * S rivets. 

7,220 

The number of rivets between D and the top angle and between B and the top angle is de- 
termined by bearing on the 7/16 in. angle and is. 


X 347.850 = 73.240 lb. 
X 347.850= 91.530 lb. 
X 347.850 = 73.240 lb. 


: 8 rivets. 


15 nvets. 


The number of rivets between D and the. bottom angle and between B and the bottom angle Is, 
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1 6 rivets. 


78,650 . ^ 

ft „ i — si_ « ^ nvets. 

9,190 

The number of rivets between C and web, 5 , is determined by single shear, and is 

n „ 73.340 + 54.920 + 91,530 - K 9 O. 50 O + 44450 + 78.650) ^ 

7,220 

End Connections for I-Beams. — The end connections for Carnegie I-Beams are given in 
Tables 117 and 118, and for Bethlehem I and Girder Beams in Tables 156 and 157, respectively. 
The end connections for short beams, and for beams carrying heavy loads should be carefully 
investigated for direct and bending stresses. Rivets should never be used in direct tension, 
Connections where rivets would be in direct tension should be provided with turned bolts. 

Eccentric Riveted Connections. — The actual shearing stresses in riveted connections are 
often very much in excess of the direct shearing stresses. This will be illustrated by the calcula- 
tion of the shearing stresses in the rivets in the standard connection shown in Fig. 15, which is 
assumed as loosely bolted to a column. 

The eccentric force, P, may be replaced by a direct force, P, acting through the center of 
gravity of the rivets and parallel to its original direction, and a couple with a moment Af = P X 3 
in. =* 60,000 in. -lb. Elach rivet in the connection will then take a direct shear equal to P divided 
by «, where n is the total number of rivets in the connection, and a shear due to bending moment M. 

The shear in any rivet due to moment will vary as the distance, and the resisting moment 
exerted by each rivet will vary as the square of the distance of the rivet from the center of gravity 
of all the rivets. 

Now, if a is taken as the resultant shear due to bending moment in a rivet at a unit's distance 
from the center of gravity, we will have the relation, 

M = -f- dj* -f- dj* -f- d4* -F dj*) 

» aSd* 
and 

^ ^ “ 2,600 lb. (27) 

2d* 23.10 ' ' 


2,600 lb. 


The remainder of the calculations are shown in Table I. The resultant shears on the rivets 
are given in the last column of the table and are much larger than would be expected. 

The force and equilibrium p>olygons for the resultant shears and load P, drawn in Fig. 15, 
close, which shows that the connection is in equilibrium. 

TABLE I. 


Direct shear. 5 " " ao.ooo + 5 ■■ 4.000 lb 

Moment ■■ ao.oooX 3 ■■ 60.000 in.-ib. where a >■ moment shear on rivet 3 ■« a,6oo Ib. 


Moment. In.-Lb. 



2d* » 23.10 a - 60,000 in.-lb. 
a ■» 2,600 lb. — moment shear on rivet 3 
M "B shear due to moment 
S "* shear due to direct load, P. 

R resultant shear 
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Center of Motion. — The total shear on rivet 3 is 4,000 -f 2,600 - 6,600 lb., and is parallel 
to the resultant force P. There will be some point to the right of rivet 3 where the total shear 
on a rivet will be zero. This point will be at a distance to the right rivet 3 equal to 6,600 + 2,600 
* 2,54 in. The center of motion of all of the rivets of the group will then be at a distance to 
the right of the center of gravity of the rivets equal to 2.54 — i.oo *■ 1.54 in. The total shear 
on each rivet will be equal to a (2,600 lb.) multiplied by the distance of the rivet from the center 
of motion. The direction of the shear on each rivet will be normal to the rotation arm. 

Let the distance from the center of motion to any rivet be represented by the distance s, 
and the distances of the rivets will be 

Sa » 2.54 in., = 24 “ V 1 .25* -h 0.04* * 1.25 in., *i « 2* « V2.54* -f 2.5* » 3.56 in. 

The total shears on the rivets will then be 


Ri - 2.54 X 2,600 = 6,600 lb. 

Ri = Ri = 1.25 X 2,600 » 3,250 lb. 
Ri Ri == 3.56 X 2,600 - 9,260 lb. 



The value of 2d* about the center of gravity of the rivets may be calculated as follows. 
If the coordinates of the rivets arc represented by x and y, then 

2d* - 2(x* -h y*) « 23.10 in.* 

and a ■» MfZ<P * 2,600 lb. as above. Let ^ be the distance from the line of action of P to the 
center of gravity of the rivets and / be the distance from the center of gravity to the center of 
motion. Fig. 15. Now the moment of the direct shears on the rivets about the line of action of 
force P will be equal to the twisting moment of the rivets about the center of gravity, and since 
the direct shears on the rivets parallel to line of action of force P is 

fXnXaXe •• a 2 d» 


(«) 


and 


/ 


2 ^ 

n-$ 
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and since number of rivets is n » 5 

/ 2d* 

/ “ “ 23.10/15 » 1.54 m. 

which gives a method for calculating / for any connection. The center of motion will be on a 
line drawn normal to the line of action of P and passing through the center of gravity. 

From (27) 2d* » Af/a » P^eja, and 

/ = PKn-a) (27a) 

Stress in Extreme Rivet of a Group. — Now if xi and yi are the coordinates of the rivet i 
with reference to the center of gravity of the rivets, and zi is the distance from center of motion 
to rivet number i, then 

^1* = (^1 +/)* + yi* 


substituting value of / * 2d*/»-f, and solving 



Now the maximum stress on rivet number i will be Ri = a-zi, and 



also since / * P/(n-a) 

Ri * V(a-Xi -b P/n)* + (fl*>'i)* 


(27b) 



Fig. 150. 



Example x. — Calculate the maximum shear on the rivets in the connection angle for a 24 in. 
I-beam in (o) Fig. 15a, There arc 6 rivets spaced 3 in., f « 2J in. 

• 2d* « 2(1.5* + 4-5* + 7-5*) “ I57‘5 

a - P-f/2d* - 2.5P/157.5 - P/63 lb, 

/ « 2d*/»*e - 157 * 5/(6 X 2.5) - 10.5 in. 

For top rivet Xi ■» o, yi • 7.5 in. 
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From ^ 

^ V10.5* + 7.5* 

- .2P - P/5 

Example a. — Calculate maximum shear on right hand top rivet in connection plate in (h) 
Fig. 15a. » = 12. e - 12 in. Rivet spacing 3 in. 

= 12(3.75)* + 4(1-5* + 4-5* + 7-5*) 

— 484 

a = P'ejZd^ = P X 12/484 =* P/40.3 lb. 

/ = Zd ^ lin - e ) = 484/12 X 12 = 3.36 in. 

Now for top right hand rivet, Xi = 3.75 in. and yi = 7.5 in. 

From (276) 

Pi = ~ V (3-75 + 3-36)* + 7.5» 

403 

= P/4 


This is the problem solved at the bottom of Table 1186, Part II. 

For }-in. rivets, with a unit stress of 12,000 Ib. per sq. in. in shear, the safe load on the bracket 


will be 


P = 5.300 X 4 = 21,200 lb. 


Example 3. — Calculate the tensile stress due to a moment M - 250,000 in. -lb. in the upper 
rivet of the outstanding leg of the connection angle in (c) Fig. 15a. n « 10. yi = 13.5 in. 
Xi — o. Rivets } in. Rivets spaced 3 in. 


Xd* = 2(1.5* + 4-5* 4 - 7-5* + 10.5* + 13.5*) 

= 742 

a = Af/Sd* = 250,000/742 =» 337 lb. 

/ = o, also Xi o 

and since *1 — yi - 13.5 in., 

Pi “ 13 - 5 ^ “ X 3-5 X 337 “ 4,550 lb. 

For }-in. rivets with 12,000 Ib. per sq. in, shear the allowable shear =* 5.300 lb. If tensile 
stress is taken equal to shear this is safe. 

The direct shear and tensile stress on the rivet are independent of each other and need not 
be combined. 

Example 4. — Calculate the stresses in the plate connecting to the channel in (c) Fig. 15a, 
due to a vertical load of P » 18,000 lb. Rivets } in. » » 12. e » 9 in. Rivets spaced 3 in. 

Zd* « Zx* -f Z/ - 8 X 3* + 6 (i.5» + 4.5*) 

- 207 

a - P-elZd^ - 18.000 X 9/207 « 783 lb. 

/ - Zd^Kn-e) - 207/(12 X 12) - 1.44 

from ^2^h) 

Ri - 783V(3 + 144)* + 4-5* 

- 5,030 lb. 

For a unit •hear of 12,000 Ib, per tq. in. the allowable ahear on a Mn'. rivet W4.300 lb. 
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Web Splice. — The plate girder shown in Fig. 1 6 is to be spliced at a section where the bending 
noment is 1,667,000 in.-lb. and the shear is 165,000 lb. 

Solution . — The method which assumes that one-eighth the area of the web is available as 
flange area will be used. The formula for stress in the outermost rivet is 


V * total shear at the section. 

M' — moment carried by web. 

2n =» number of rivets on one side of the splice. 

22k/* = the sum of the squares of the distances of the rivets, on one side of the splice, from the 
neutral axis. 

The joint must first be designed and then investigated. The number of rivets required is 
several rivets in excess of the number required to carry the direct shear. The number of in. 
rivets required for shear alone is determined by bearing on the in. web plate, and is 


2n 


V _ 165,000 
r ” 10,500 


= 15.6, (Table 114). 


A joint with 17 rivets spaced as shown in Fig. 16 will be assumed. An odd number of rivets 
simplifies the calculation. 

V = 165,000 lb. 

=« 1,667,000 X 3.00 12.50 = 400,000 in.-lb. 


2n = 17. 
dn « 16 in. 

22ki» - 2(2* + 4* 4- 6* -f 8* + 10* -f 12* -f 14* -f l6») 
Then the maximum stress on the outside rivet will be, 


1632 in.* 


//165000V 1 f 400,000 Xi6y r - - ^ t ; 11. 

- \A \ ) “ >'9.66o» + 3.920» = 10,430 lb. 

The allowable value of r for a in. rivet is 14,400 lb. in double shear and 10,500 lb. in 
bearing on in. web plate (Table 114), so the joint is satisfactory. 



Riveted Joints in Cylinder, Pipe or Tank. — A cylinder 46 in. in diameter is to be designed to 
carry an internal pressure of 100 lb. per sq. in. Compute the required thickness of plate and 
design a longitudinal double riveted lap joint of equal efficiency for all parts. Reduce to com* 
mercial dimensions and investigate. 
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SoluHon, — The unit streases allowed by specifications for tanks are/i 
/• «■ 12,000 lb. per sq. in., fc * 24,000 Ib. per sq. in., for shop joints. 
From “Structural Mechanics/* Chapter XVI. 

0-8O 

ft + 2/e 12,000 + 2 X 24,000 


t 

d 


W'D lOO X 46 

2/1 2 X 12,000 X 0.80 


^ „ 4 X 24.000 w 

3.1416 X 12,000 ■ ^ 


0.61 in. 


12,000 lb. per sq. in., 


(i6a) 

(166) 

(i6c) 




2 X 24,000 ~| 


12,000 


X 0.61 =» 3.05 in. 


(I6d) 


This joint would have the efficiencies for tension, compression and shear all equal, but the 
sizes could not be obtained from stock so that the joint must be altered to suit commercial sizes. 
Make t *■ in., d * 5 ^ in., p = 3 in., and investigate the joint. 


P 

u 


/e 


/. 


p ^ 100 X 46 X 3 ^ 


2 

6,900 


(p - d)t 2.375 X 0.25 
P __ 6,900 ^ 

2t d “ 2 X 0.25 X 0.625 ‘ 


6,900 lb. 

» 11,600 lb. per sq. in. 
22,100 lb. per sq. in. 


P 6,900 „ 

T— ji ** —J — ** 11,200 lb. per sq. in. 
ivd* 0.614 ^ ^ 


(I 4 d) 

(14a) 

(lAh) 

{l¥) 


Other considerations such as water-tightness enter into the design of joints; see Table 113. 
Table IIo, page 452 gives the properties of water tight joints. By efficiency is meant the ratio 
of the strength of the joint to the strength of a plate of equal thickness. Under effective section 
of plates in Table IIo, page 452, is given the thickness of an unriveted plate which would have 
the same strength as the joint. 

The most efficient joint for a given thickness of plate is found as follows: For single riveted 
lap joint in a ^ in. plate. 


d 



4 X 24.000 
3.14 X 12,000 


X 0.25 


0.637 in. 


(ly) 


P 

e 




P^d 


0,67. 


yod 


1.911 in. 


(15/) 


Use in. rivets with 2 in. pitch. 

Fommlas for Riveted Joints. — The general formulas for the investigation of lap joints with 
any number of rows of rivets are (For Nomenclature, sec Chapter XVI.), 




P P P 

{p—d)r k-iwiP 


(a8) 


For design of a joint of maximum efficiency. 




vfD 

2jre^ 


AfL, 

w/v 


t] 



(29) 


where k "• number of rows of rivets. 

For a butt joint with a single strap plate and a single row of rivets the joint becomes two 
single riveted lap joints and the formulas for riveted Up joints nuy be used (Structural Mechanics 
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13 and 15). 


For a butt joint with double strap plates and a single row of rivets on each 8ide» 


, P P P 


(30) 


/or a butt joint with double strap plates and double riveting on each side, 

P P P 

iFd'' 


(31) 


When a single strap plate is used it should never be thinner than the main plate, and when double 
strap plates are used they should never be thinner than 34 the thickness of the main plate. 

For data on riveted joints for tanks and stand-pipes, see Table IIo, page 452. 

DESIGN OF LACING BARS FOR COLUMNS. — It is difficult to calculate the bending 
stresses in a built-up column, and since the shearing stresses depend on the bending stresses the 
design of lacing bars must be largely a matter of judgment until sufficient tests are made to 
establish empirical formulas. The following method gives results that agree with tests and with 
good practice. 

For a column with a concentric loading, experiments show that the allowable unit stress may 
be represented by the straight line formula, p « 16,000 — 70 /V lb. per sq. in., where p » allow- 
able unit stress in the member; / *■ length of the member, c. to c. of end connections, and r — 
radius of gyration of the column, both in inches. Now the allowable unit stress on a short block 
is 16,000 lb. per sq. in., and the 70 //r represents the increase in the fiber stress in the column. 

TF * \ 

Now if we assume that this fiber stress is caused by a uniform horizontal load, W, then = 


, where / »* moment of inertia of the cross-section of the column * ^4 ‘f*, where A — the 

area of the cross-section of the column, and c =* the distance from the neutral axis of column 

W ' I 70 A ' 7 ^ 'I 

to the extreme fiber in the plane parallel to the plane of the lacing bars. Then 


and W - 


, A-r 
560 


8 rc 

Now the shear in the column will be 5 = IF/2, and the shear is S ■ 


280 , and the stress in a lacing bar will be ** 280 X esc 0 , where B = the angle made by 

the bar with the axis of the column. In a laced channel column the shearing stress above will be 
taken by two lacing bars. This shows that the stresses in the lacing bars in the column with a 
concentric loading depend upon the make-up of the column, and are independent of the length 
of the column. 

Mr. C. C. Schneider by a somewhat different method has deduced the same formula on page 
195 of the RepKjrt of the Royal Commission on Collapse of Quebec Bridge, 1908. 

If the column carries a direct shear in addition to the shear due to the concentric load, or if 
the column has an eccentric load the additional shearing stresses must be considered in designing 
the lacing. The total stress in the lacing bar will be the total shear at the section multiplied by 
the cosec of the angle made by the lacing bar with the axis of the column. 

The following formula for stresses in lacing bars is given in the Sp)ecifications for Railway 
Bridge Superstructure, prepared by the Sp)ecial Committee for Bridge Design and Construction, 
Am. Soc. C. E., printed in Trans. Am. 5 kx:.C. E., Vol. 86, p. 481. 

315. — The latticing of compression members shall be proportioned to resist shearing stress 
normal to the member not less than that calculated by the formula: 


in which, 


4,oooy 

R ■■ normal shearing stress, in pounds; 

P strength of column as a compression member, expressed in pounds; 


($ 2 ) 
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I » length of cx)lumn in inches; 

y * distance from neutral axis to extreme fiber, in inches. 

This formula is based on Rankine’s column formula and was deduced by Mr, Otis E. Hovey 
M. Am. Sqc. C. E., Trans. Am. Soc. C. E., Vol. 86, p. 574. 

With the same notations for the A.R.E.A., 1910 column formula, p * 16,000 — 7o//r, 
deduced as above 

i? = 280i4-r/y (33) 

For the A.R.E.A., 1920 column formula, p = 15,000 - 55//r, 

R^2ooA^rly (34) 

For all formulas the stress in a lacing bar in a column laced on two sides will be 

Si = iRcsce (35) 

where is the angle between the lacing bar and the axis of the column. 

For double lacing on both sides of the stress in a lacing bar will be 

St « iR*csc 6 (36) 
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Base plates 84, 99, 718 

fatten plates ,-'<83, 191, 259, 286 

Bay 3 

Beam 711 

Beam, bridge 140, 163, 166 

Continuous 640, 661, 663 

floorbeams 161 

girders 288 

Overhanging 657 

separators 107 

Simple 655 

Beams, Deflection of 648 

Details of 106, 51 1, 512 

Floor 106, 128, 160, 191, 508 

^^/^olled 78, 128, 132, 190, 191,647 

Stresses in 160, 208, 657 

Bearing 77, 132, 189, 284 

on foundations 75, 99, 308, 329 

masonry 99, 308, 461 

plates 77, 99, 192. 194, 257, 284, 718 

rivets 452, 461, 463, 469, 481, 490 

„ ?o'ls ; • 75. 99. 308, 329, 468, 492 

Beannn, Expansion .... 73, 193, 236, 260, 287 

Fixed 193, 234, 287 
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Bed plates 192, I 94 . ^34 

Benciing moment due to weight 190, 270 

Bending moments in railway bridges. .2i5» 219 

moment tables 162, 2 ii, 215, 219 

stresses in wire rope 426 

Bessemer steel 609 

Bent, Transverse 12, 71, 556 

Viaduct 290 

Bethlehem H-column 108 

Beveled washer 703 

Bill of castings 369 

material 493 

timber 568 

Billet steel reinforcement 624 

Bins, Coal 400 

Circular 399 

Cost of 549 

Deep 401 

Gram 401, 4*o, 412 

Ore 400 

Shallow 381 

Stiffeners in 409 

Stresses in 381, 384, 401, 406, 409 

Types of 398 

“Bite” of a line 597 

Blister steel 603 

Blocks, Timber 157, 564 

Blocks for manila rope 562 

wire rope 563, 564 

Bituminous wearing surface 157 

Boiler rivet steel 622 


Bolts 259, 287, 378 

Anchor, see anchor bolts 

Drift 357, 378 

Falsework 574 

Stove 22, 67 

Turned 90, 132, 192, 292 

Bolsters 192, 260 

Boom traveler 584, 585 

Bracing 73 . 84* 129, 185. 271 

Lateral .84, 185, 271, 291 

Transverse. . . . xr.9, 73, 260, 271, 288, 291 

Weight 04, 4 

Wind 9, 73, 121, 124 

Brass 637 

Brick floor 8 

Weight of 93 

Bridge abutment, see abutments 
camber, see camber of bridge 

Erection of 557, 601 

floors 152, 186, 226, 288 


3^8, 335 

362, 364, 376 

Timbc^ 357, 368. 373, 377 

Bndges, Examples of 139, 142, 232 to 245 

Shop cost of 551 

Stresses in 211, 215, 216, 219, 675 

Weight of railway 198 to 206 

Weight of signal 205 

Weight of swing 205 

Waterway for 330 


PAGB 

Bronze 636 

Building columns, see columns 

Floor plans for 105, 123, 506 

Foundations for 1 19 

Height of 73 

materials 93, 97 

Buildings, Specifications for 73, 127, 13 1 

Mill 3, 50b, 512 

Office 127, 13 1, 506 

Steel for 85, 131, 613 

Weight of 3, 94 

Buckle plates 154, 186, 397, 534 

Bull wheel 58^-) 

Bunkers, Suspension 391, 397, 398 

Burlap 228, 229, 322 

Caisson 119 

Cages 428 

Calking plates 462, 535 

Calking tool 578 

Camber 193, 261, 290, 538. 539 

Camber of plate girders 254, 260, 290, 539 

trusses 193, 255, 261, 290, 538, 539 

Capacity of tackle 565 

Cant hook 574 

Cantilever beam 654 

bridge 142 

Car load, Minimum 540 

Carbon steel 527, 528 

Card of mill details 546 

Carrying hook 574 

Cast iron 88, 128, 189, 466, 603, 604 

bases 1 1 6 

separators 107 

Specifications for 378, 604 

Cast rockers 84, 194 

Cast washers 378 

Castings 90, 194, 265, 369, 378, 604 

Castings, Steel 627 

Cement, Definition of 346, 641 

floor 36, 68, 82 

paint 633 

roofing tile 32 

Specifications for 641 

Center of gravity 653 

Centrifural force 188, 253, 257, 284 

Chains, Annealing 567 

Cost of 55b 

Details of 567 

Strength of 567 

Chisel 5 b 9 . 578 

Chord sections 224, 500, 501 

Chords, Cost of 550 

Chrome steel 61 1 

Circular bins 399, 408 

Circular culverts 701 

girders 449 

plates 528 

ventilators 29, 80 

Cinders, Weight of 93, 382 

Classification of Castings 604 

extras 547 
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iron and steel 603 

masonry 346 

materials 542 

Claw bar 569 

Cleaning steel 632 

Clearance diagram 249, 282, 536 

Clearance for members 256, 293 

Clearance standards 520, 521 

Clerestory 3 

Clevis 703 

Clinch nails 19. 24 

Clinch rivets I9t 24 

Clips for corrugated steel 22, 24 

Coal bin 400 

bunkers 398 

Friction of 394 

pressures 385, 386 

tar paint 633 

tipples 421, 434, 442 

Coemcient of friction 308, 403 

Coke, Angle of repose of 393 

Angle of friction of 394 

bins 394 

Weight of 393 

Cofferdam 333, 354 

Column bases 116, 118, 515 

connections 17 514 

formulas, 76, 103, 131, 134, 257, 278, 284, 

379, 461. 463, 651 

overrun 538 

schedule 109, 506 

sections 19, 108, 224 

spacing 14, 122 

Columns, 15, 19, 21, 117, 118, 507, 512, 638, 711 

lacing bars for 732 

Live loads on 76, 98, 128, 189 

Mill building 15. 83, 507, 512, 514 

Shop cost of. 549 


Stresses in, 76, 100, 131, 134, 189, 257, 284. 


Timber 79. 379 

in transverse bent 18, 20, 71, 515, 722 

Weight of 4 

Office building 108, 109, 110, 126 

Combination highway bridge 375 

Combined flexure and direct stress, 77, 190, 

270, 718 

Combined stress, 77, 132, 133, 190, 257, 284, 
659 

Compression 645 

Compression flanges 78, 190, 269, 285, 288 

Concentrated loads 96, 148, 257, 283, 314 

Concrete bins 4^3 

Aggregate 35^ 

Cyclopean 352, 354 

Rubbfe 352, 354 

Definition of 34^ 

floor 36, 68, 82, 149, 152, 189, 227, 228 

finish 353 

forms 3x9, 353 

Ingredients of 3*9. 352 

joints 355 

Mixing 319, 3ai, 353 


Placing 

retaining walls. . 
Specifications for 

Strength of 

Waterproofing. . 

Weight of 

Conductors 


PAGE 

354 

3*x. 320 

352 

637, 638 

228, 322 

93, 187, 256, 282, 309 
26, 80 


Connection angles, 17, 89, 133, 194, 286, 292, 


727 


Connection plates 78, 191, 267, 290 

Connecting bar 569 

Constant dimension columns 119 

Continuous beams 640, 661, 663 

Conventional signs for rivets 502 


CooF>er's engine loads, 207, 21 1, 213, 215, 216, 


273 

abutments 


336 


piers 

hitch 

Cope 

Cope chisel 

Coping 

Copper 

Counters 

Cornice 

Corrosion of steel 

Couple 

Corrugated iron shear 

Corrugated steel 

Cost of 

door 

Loads on 

roof 

Stresses in 


341. 342 

703 

510 

569 

347 

636 

190. 191, 258, 285 

26, 66, 80 

630 

645 

572. 576 

• 8. 15, 66, 79, 555 

555 

57 

22, 74 

27, 28, 67 

22 


Weight of 

Cost of chain 

Cost of corrugated steel 

drafting 

erection of mill buildings. 

erection of bridges 

erection of office buildings 
erection of tubular piers. . 

Estimate of 

fabrication of steel 

hauling 

floors 

bridge floors 

materials 

nails 

ropes 

painting 

riveting 

roofing 

shop labor 

skylights 

steel stacks 

steel grain bins 

structural steel 

tar and gravel roof 

tile roof 

ventilators 

waterproofing 

windows 


15. 25. 74 

556 

555 

545 

552 

• - 553 . 554 

552 

553 

544 

545 
553 

555 

*59 

544 

556 

556 

554 

555 

31. 32. 556 


549 

556 


481 


4*9 


3 * 

556 

556 


556 
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Crab 558 

Crane girders 75i 5^6 

loads 71, 75 

posts 83 

Creosoted timber blocks 37, 156, 157 

Cross frames 260, 271, 288, 536 

Crow bar 569 

Culvert masonry 351 

Culverts, Stresses in 701 

Curb 186 

Crucible steel 610 

Curves, Clearance on 249, 282 

Cyclopean concrete 352, 354 

Cylinder piers 335, 337, 342 

Shop cost of 553 

Dead loads for bridges, 143, 187, 252, 256, 282 

for office buildings 94, 127 

for roof 3, 74 

Dead load stresses 671 

D^d man 586 

D«p bins 401 

Deep mines. Hoisting in 422 

Defects in timber 358 

Definitions of masonry' 346 

Deflection of beams 648 

Deformation 650 

Depositing concrete 354 

Depth ratios 190, 258, 285 

I>errick, “A’* 584 

car 586 

crab 558 

Guy 585 

Stiff leg - .587. 594 

Design of bearing plates 476, 718 

beam bridges 163, 167 

columns 71 1 

falsework 595 

floorbeams 160, 722 

foundations 476 

lacing bars 732 

mill buildings 7f 73 

pins 716 

plate i^irders 713 

retaining walls 303 

rollers 473 

stacks 472 

standpipes ^7 

stringers 159, 712 

Details of angle struts 513 

beams 106, 51 1 

framework 9, 139, 197 

columns 20, 21, 110, 126, 514 

end post 500, 501, 719 

head frames 429, 431, 433 

highway bridges 171 to 182 

office buildings 120 to 126 

railway bridges 231 to 247 

roof trusses 16, 18 

stacks 483 to 489 

standpipes 460 

tanks 454 

wind bracing 9, i;?i, 513 

Detaib, Shop 493, 500 


PAGE 

Diagonal compression 649 

stresses 649 

tension 649 

Dolly 570, 577 

Doors 54. 57. b2, 81 

Dowel 357 

Drafting, Cost of 545 

Structural 493 

Drainage table 330 

Draw, Allowance for 271, 533 

Drawings, Cost of 545 

Shop 495 

Drift bolt 357. 378 

pin - 568,578 

Drifting. . 493 

Driving riv'ets 92, 583 

Duchemin’s formula for wind 5. 75 

Dry masonry 351 

Earth, Weight of 93, 309 

Eccentricity 270 

Eccentric connections 103, 129, 285, 727 

loads 129, 190, 652 

stress 77, 190, 284, 721 

Economic design i, 183, 222 

Edge distance, 83, 133, 258, 286, 452, 481, 536 

plates 528, 530 

Efficiency of riveted joints 452, 481 

tackle 567 

Elastic deformation 650 

limit 650 

modulus 78, 379, 646 

Elasticity 645 

Electric railway bridge floors 187 

loads 187 

Weights of 147 

Elevated Unks 447, 453, 454, 459 

Elevators, Grain 401 

Ellipse of stress 649 

Ena connections 724 

post, stresses in 719 

shear 212, 213 

Engineering materials 603 

Engine loads, 201, 202, 21 1, 213, 216, 253, 273, 

Equivalent uniform loads 207 

Erection diagram 231, 493, 499 

Erection of armory 553, 595 

bridges 196, 535, 582, 599 

buildings 92, 129, 136, 557 

corrugated steel 19, 555 

headframes 445 

points to facilitate 519, 535 

plate girders 557 

stacks 492 

standpipes 558 

tools 559 

tubular piers 337 

Estimate of cost 32, 159, 419, 481, 544 

weight 430, 541 

Examples of abutments 333, 334, 336 

bins 394 to 400 

coal tipples 433 to 441 

grain elevators ^ . .410, 412 
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head frames 429 to 433 

highway bridges 171 to 182 

office buildings 120 to 125 

pile trestles 362, 364, 376 

plate girders. . 168, 169, 232, 237, 238, 516 

railway bridges 231 to 247 

retaining walls 309 

steel mill buildings 62 to 70, 517 

steel stacks 483 to 489 

standpipes 460 

tanks 454 

Expansion 85, 128, 135, 192, 254, 259, 287, 640 

joints 229, 322, 355 

pockets 537 

rollers 711 

Expanded metal 67 

Experiments on grain pressure 407 

Extras for bars 547 

Eye-bar hook 573 

Eye- Bars, 84, 90, 193, 194, 255, 261, 264, 266, 
267, 290, 293, 295, 703 

Cost of 550 

Packing 267, 536 

Tests of 19b, 266, 295 

Fabrication of steel, Inspection of 635 

Faced joints 259 

Factor of safety 645 

Factory ribbed glass 8, 45 

Fall line ball 5^4 

Falsework 589 

Falsework, Bolts for 574 

Cost of 553 

Design of 595 

plans 493 

piles 592 

Fastenings for corrugated steel I9f 79 

Fence 185 

Field connections. . . .73, 90, 130, 194, 264, 292 

paint 92, 196, 255, 633 

rivets 92, 195, 196, 265, 292, 554 

Fillers 192, 259, 287 

Filling rings 192, 259, 287, 792 

Finish of concrete 355 

Fink truss 10, 73 

Fireproof construction 93 

Fixed beam 658 

Flange plates 190, 260, 269, 2^ 

rivets 190, 258, 289 

splices 268, 289 

Flanges, Compression. . .83, 129, 190, 260, 285 

of girders 18 

Plate girder 83, 190, 268, 285, 715 

Rivets in 192 

Stresses in 258, 283 

Flashing 80 

Flashing, Stack 29 

Flat plates 395 . 653 

steel ropes 61 1 

Flexure in beams 647, 651, 652 

Floorbeam connections, 179, 181, 185, 232, 288, 

722 

Rttictionf an 


PAGE 

Floorbeams, Building 123, 129, 161 

Design of 160, 161, 723 

Highway bridge 149,186 

Railway bridge 231, 232, 260, 264, 270 

Shop cost of 550 

Floor girders 123, 129, 161 

loads 95. 97 

panels 123 

plank 89, 186 

plans 105, 506 

Floors, Bituminous 157 

Buckle plate 154 

Concrete. .36, 68, 82, 149, 152, 189, 227, 228 

of 159. 555 

Ground 8 

Laminated plank 39, 156 

Plank 39. 78, 155. 

Railway bridge 225, 256, 288 

Reinforced concrete 144, 152, 182 

Slabs 152, 640 

Shop 8, 36, 81 

Steel plate 38 

Timber 39, 78, 155, 188 

Types of 8, 36, 152, 155 

Waterproofing 226, 556 

Flooring 78, 89 

Footings, Steel 118 

Footwalks, see Sidewalks 

Forces 645 

Forked ends 259, 287 

Forms 319, 322, 353 

Formula, Column, see Column 

for retaining walls 297, 302 

Foundations, Loads on, 75, 99, 128, 304, 315, 
329, 468, 478, 492 

for standpipes 468 

for steel stacks 476 

Frame, Gallows 588 

trestle 363, 364 

Frames 272 

Mead 421, 428 

Stresses in stiff 688 

Stringer 288 

Framework 9, 109, 670 

Freight rates 554 

Friction, Angle of, see Angle of friction 

Friction on bin walls 394 

Coefficient of 308 

Frost proofing 463 

Fuller s rule 319 

Fuller, Cross-eyed 578 

Gallows frame 588 

Galvanizing 534 

Gantry traveler 590, 591 

Gin pole 584, 

Girders, Circular 4*. ) 

Crane 75, 510 

Girders, Floor 123, 129, 16 1 

Plate, see Plate girders 

Girt 3 

Girts 27, 84 

Wing of 79 

Weight of 4 
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Glass 

Window 

Wire 

Glazing 

Grain bins 

Stresses in 

Grain elevators. . . . 

Cost of 

Grain, Pressure of . . 
Gravel aggregate . . . 

Gray column 

Gray iron castings. . 

Guard rail 

timber 

Gusset plates 

Gutters 

Gypsum roofing tile 


PAGE 

40. 42 

8, 42 

68, 81 

45. 67 

401 

401 

401, 410. 412 

419 

407 


604 

«87. 357. 361 

357. 361 

267, 289, 290 
. .26, 80, 531 
33 


Hand hook holes 270 

Hand railing 184, 185 

Head frames 421, 428 

room for highway bridges 185 

sheaves 445 

Heieht of buildings 73 

of shipping 540 

Highway bridges, Allowable stresses in . . . 189 

Camber of 193, 538 

Classes of 139, 176, 185 

Concentrated loads for 148 

Examples of 165 to 182 

Floors for 152 

Impact on 147 

Painting 195 

Pedestals for 183 

Pile trestle 378 

Plate girder 168, 170 

Shoes 183 

Specifications for 185 

Stresses in 163, 682, 686 

Timber 373, 376. 377 

Types of 139, 176, 185 

Weight of 142 

Hip verticals 185, 261, 270, 290 

Hoisting engine 558 

in mines 421 

ropes 422, 423, 559 

Hooks, Stresses in 651 

Hopper bins 389 

Howe truss 10, 141, 365, 370 

truss metal 552 

Hub guard 184 

Hutton’s formula for wind pressure 5, 75 

Hyperbolic logarithms 404 


Impact on bridges, 147, 189, 208, 253, 256, 278, 
283. 287, 647 

on buildings 76, 127 

formulas 148, 189, 208, 256, 278, 283 

tests 147, 210 

Indirect splices 192, 259, 287 

Initial stress 78, 84, 135, 255 

Inspection of bridges 195, 263, 601 

of fabrication of bridges 265, 635 

of steel 294, 634 


PAGE 

Instructions for erection of structural steel, 595 


for mill inspection 634 

Iron, Cost of, see Cost 

Corrosion of 630 

Wrought, see wrought iron 

Jack stringers 357 

Jacks 460 

Janssen’s solution for stresses in bins 401 

Joints 259, 322 

in concrete 355 

in pipes 730 

Oil tight 535 

Water tight 452. 535 

Joists, see stringers 

Ketchum’s modified saw tooth roof. . .9, 1 1, 62 

Key wrench 571 

Knee brace 121 

Knots in rope 560 


Lacing bars, 84, 89, 134, 191, 259, 286, 292, 
522, 732 

Ladder 463, 465, 491 

Laitance 355 

laminated timber floor 39, 156 

Lampblack 631 

Lap joints. Stresses in 650 

Laps of corrugated steel 15, 23, 80 

Larimer columns 108 

Lateral bracing 84, 185, 271, 280 

forces 283 

support of girders, 78, 132, 135, 190, 261, 289 

Laterals 260, 288 

lattice, see lacing bars 

Ikying timber blocks 157 

Lead 636 

Legs of angles 78, 191, 259, 286 

Lengths of concrete beams 639 

concrete columns 639 

members 77, 131, 187, 257, 285, 445 

plates 527 

shapes 526 

Lettering on drawings 502 

Lighting shops 8, 80 

Lining, Anti-condensation, 28, 29, 66, 80, 555 

Linse^ oil 631 

Live loads 75 

Engine, 200, 202 to 216, 253, 257, 273, 

283 

Equivalent 207 

Distribution of 149, 186 

on buildings 131 

on columns 98, 128, 189 

on head frames 444 

on highway bridges 147, 151, 187 

on office buildings 94, 127 

on railway bridges, 201 to 216, 251, 257, 
273. 283 

on sidewalk 152 

Live load stresses 680 

Loads, on buildings 7^ 127 

Minimum ..#*75. 9®, 128 
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4 . 74 . 96, 127 

Wind 5. 75, 127, 131. 461. 463, 472 

Loads on bin walls 

406 

columns 

98. 1*8, 189 

floors 

95 , 97 

foundations, 75, 99, 

128, 304. 315, 329, 

468, 478, 492 

girts 

75 

highway bridges. . .143, 147, 151, 162, x88 

office buildings 

94 

piles 

76, 99. 593 

purlins 

75 

railway bridges, 201 to 216, 251, 252, 257, 

273, 282 

roofs 

74 . 95 

slabs 

665 

standpipes 

447. 461 

steel stacks 

472 

tackle 

563 

tanks 

447. 46, 

timber floors 

39 

Locomotives, Weight of. 

202, 274 

Logarithms, Hyperbolic. 

404 

Long rivets 

— 83, 191, 259, 286 

Longitudinal braces 

357 

Loop bar 

84. 703, 704 

Louvres 

. . .3, 24, 66, 423, 427 

Low truss bridges 

170, 190 

Ludowici tile 

18.31 

M'Loadings 

275 

Malleable castings 

603 

Manila rope 

559 

Manganese 

604 

Marking diagram 

23 «. 499 . 503 

Marking system 

503 

Maul 

568 

Masonry abutments, see 

abutments 

Definitions for 

346 


foundations, see Pressure on foundations 

piers 325, 328, 335, 342 

PrcMure on 76. 77, 99. 308. 490 

retaining walls 302, 310 

Specifications for 34^ 

Strength of 309 

Weight of 93, 309 

Mastic, Asphalt 158, 229 

Materials, Classification of 542 

Engineering 603 

Estimating 541 

Ordering 526 

Weight of 93» 3^9 

Maximum length of members, 77, 131, 257, 

, 285,445.636 

length of plates 527t 530 

length of shapes 526 

moment in b^ms 208, 660 

moment in bridges 21 1, 215 

Mechanics, Structural 643 

Mill buildings 3» 7i 5*2 

details 54^ 

inspection 63 


• 9 ». 5 ^ 


PAGE 

Minimum angles 78, 191, 254, 259, 286 

roof loads 75f 98, 128 

sections 78 

thickness of metal, 78, 129, 135, 191, 285, 

445, 462, 464, 469, 491 

Misfits 600 

Mixing concrete 319, 321, 353 

Modulus of elasticity 646 

Moments in beams 162, 660, 662 

of forces 645 

Moment diagram 212, 215 

in girders 162, 21 1, 221 

in railway bridges 215 

Moment of inertia . 648, 653, 666, 667, 668, 669 

Monitor ii 

ventilator 3i 46 

windows 40, 42, 43, 50 

Muntin 40. 42, 43 , 5 ® 


Nails, Clinch I9f 24 

Cost of 556 

Net section. . . .77, 133, 189, 254, 258, 268, 287 

Nickel 636 

steel 529, 530, 61 1, 620 

Specifications for 620 

Nigger head 558 

Nuts, Pilot 90, 194, 265, 293 


Oblong steel pier 345 

Office buildings. Calculation of stresses in . 100 

Columns for 108, no, 119 

Cost of erection of 552 

Erection of 129, 136, 557 

Loads on 94 

Specifications for 127, 131 

Steel 93, 506 

Weight of 94 

Oil paints 630 

Oil tanks 469 

Oiltight joints 535 

Old man 572 

Open hearth steel 610 

Ordering materials 524 

Ordering steel 523 

Orders, Mill 548 

Ore, Angle of repose of 393 

bins 400 

Weight of 393 

Overrun of columns 538 

Overweights of plates 87, 263, 615 


Packing block 

eye- bars 

spool 

Paint 

Asphalt 

Cost of 

Covering capacity 

Field 

Oil 

Shop 

Tar 


357 

93, 267, 536 


196, 255. 630 

633 

554 

• • . ‘555, 632 
92, 196, 633 

630 

91. 196. 633 
322, 633 
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Paunting 136, 600, 632 

Cost of 554 

grain bins 41 1 

standpipes 468, 469 

steel stacks 471, 492 

tin roofs 31 

water tanks 468, 469 

Panel 3 

Pavement, see Floor 

Pedestals 183, 192, 232, 234, 287 

Petit truss 141, 686 

Phosphorus bronze 637 

Piers. Bridge 325, 328, 335 

Cylinder 342 

Tubular 335, 342. 344 

Pile driver 593 

driving 359 

trestle 362, 364, 376 

Piles, Bearing power of 7b, 99, 592 

Disc 359 

Loads on , 7b, 99, 592 

Screw 359 

Sheet 359 

Specifications for 89, 361, 376, 592 

Timber 89, 357, 359, 361. 376, 592 

Pilot nuts 90, 194, 265, 293 

Pin clearance 267, 293, 53b 

Pin-connected truss bridges 180, 223 

Pin joint 725 

packing 93, 267, 536 

plates 84, 90, 192, 259. 287 

Pins, 84, 90, 192, 194, 259, 265, 267, 268, 287, 

293 

Pins, Section through 287 

Shop cost of 550 

Stresses in 716 

Pipe 707 

Joints in 730 

Stresses in 650 

Pitch of rivets 83, 133. 191, 258, 285 

Pitch of roof 3, 14, 73 

Placing concrete 3*9. 322, 354 

Plank floor 38, 82, 155, 156, 186 

Plans for truss bridges 505 

plate girders 504 

Shop. . 74, 91, 186 

Plaster ceiling. Weight of 93 

Plaster walls 67 

Plate and angle columns, 132, 168, 169, 190, 711 

Plate girders 78, 504, 512, 516, 713 

Cost of 549 

Depth of 190, 251, 258, 290 

Design of 190, 258, 260, 288, 652 

Erection of 557 

Examples of. . 168, 169, 232, 237, 238, 516 

Flanges for 83, 190, 268, 285, 715 

Gusset plates for 267, 289, 290 

Moments in 211, 219, 221 

Clears in 211, 216, 221 

»iop coM of 549. 55> 

Spacing of 251, 260, 2S2 

Splice in 89, 131, 268, 288, 715, 730 

Stresses in 652, 713 


PAGE 

Stiffeners in, see Stiffeners 

Webs for 89, 133, 135, 145, 268, 293 

Plate g:irder highway bridges, 142, 168, 169, 170 

railway bridges 254, 260, 288, 504 

Plate girders, Weight of, 146, 168, 198, 199, 
200. 201, 202, 203 

Plates, Base 84, 98, 718 

Batten 83, 191, 259, 286 

Bearing 77. 99. 192, I94. 257. 284, 718 

Bed 192, 194, 234 

Buckle 154, 186, 397, 534 

Calking 462, 535 

Connection 78, 190, 267, 290 

Edge 528, 530 

Flat 395. b53 

Gusset 267, 289, 290 

Maximum size of 527, 528, 529, 530 

Pin, see Pin plates 

Sheared 527, 529 

Stay, see Batten plates 
Tie, sec Batten plates 

Universal 528, 530 

Variations in 87, 615 

Wall 129, 193, 260 

Web, 89, 129, 191, 193, 194, 264, 268, 289, 

293 

Wrought 606 

Poisson s ratio 646 

Pony trusses, also see Low truss 261 

Portland cement. Specifications for 641 

Portals 121, 139, 197, 260, 272 

Portal bracing 12 1, 288 

Stresses in b8o, 690 

Pratt truss lo, 139, 140, 141, 677, 679 

Pressure on bins 381, 382, 384 

culverts 701 

foundations, 75, 99, 128, 304, 306, 308, 315, 
329, 468, 478, 492 

grain bins 407 

masonry 7b. 77. 99. 3oS, 490 

retaining walls 297 

Product of inertia 653 

Properties of riveted joints, 452, 481, 650, 732 

steel 612 

Punched work 291 

Punching 135 

Burlins 3. 4. 27, 73. 79. ^4. 129 

Push car 575 

Quicksand 329 

Radius of gyration 666, 667, 668, 669 

Rafter 3, 15 

Ralljack.. 575 

steel reinforcement 352, 624, 625, 640 

Railway bridee abutments 334 

Railway Bridges, Allowable stresses in, 221, 
,257. 284 

Alternate stresses in 254, 257, 284 

cumber of 355. a6i, 390, 538, 559 

clearances 248, 256, 282 

Design of 222 
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Railway bridge, Details of ! 223 

Economic design of 222 

Erection diagram 231, 499 

Erection of 599 

Examples 233, 239, 240, 242, 245 

Field rivets in 554, 600 

Floors for 225, 226, 288 

Impact in 208, 253, 256, 278, 283 

Live loads on, 201 to 216, 251, 257, 273, 

283 

Plate girder 254, 260, 288 

Pedestals for 216, 232, 234, 287 

Piers for 335, 342 

Painting 255 

Rollers for 234, 235, 254, 260, 287 

Shoes for 216, 232, 234, 287 

Spacing 250, 256, 282 

Specifications for 236, 256, 273, 281 

Ties 225, 250, 252, 256, 283 

Types of 197, 250, 281 

Weight of 198 to 203 

Wind load on 253, 283 

Railway shipments 535, 540 

tanks 457 

Rankine’s column formula 131, 278 

theory 298 

Ratchet drill 575 

Reaming rivet holes 193, 264, 292 

Reamed work 291 

Reinforced concrete 152, 638, 644, 664 

floors 152, 186, 228 

retaining walls 31 1 

slabs 152, 665 

Specifications for 352 

Stresses in 637, 638, 664 

Reinforcing steel 352, 624, 626 

Resilience 646, 653 

Resisting moment 648 

shear 647 

Retaining walls 297, 309, 320 

Reversal of stress 189, 257, 284, 444 

Ridge roll 24, 80 

Rigid bracing 73, 185, 191, 260 

Irames 690 to 7(X) 

members 73, 129, 185, 261, 270, 2<>o 

Kigging 565. 5f)6 

Ring dolly 571 

Riprap 348 

Rivet buster 568, 578 

clamp 572 

clearance 267, 520, 521 

hammer 568, 578 

' heads 539. 542. 554 

list 493 

set 5b8, 578 

snap 5f>8, 578 

_ spacing 83. 133. 191, 258, 267, 269, 285 

Rivet steel 622 

tonp 572 

Riveting, .w, 131, 194, 196, 264, 292, 583, 600 

Cost of field 553 

FlanTO 269 

Riveted connections 267 
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bridges 507 

girders 170, 239, 240 

joints 731 

tension members 83, 703, 706 

Rivets, 83, 89, 133, 190, 267, 452, 461, 463, 469, 
533 

Clinch. I9i 24 

Conventional signs for 502 

Direct tension in 77, 189 

Driving field 92, 195, 292, 492, 583 

Edge distance of 191 

Field . . .92, 195, 265, 292, 462, 492, 554, 583 

Flange 78, 190, 192, 258, 259 

in cover plates 269 

in stiffeners 270 

list 493 

Long 83, 191, 259, 286 

Maximum diameter of 259, 286 

Percentage of shop 539 

pitch 83, 133, 191, 258, 285 

Shear on 461,463 

Roadway, Width of 143 

Rods, Anchor, see Anchor bolts 

Rods, Sag 34. 3b, 78. 79 

Rolled beams 106, 128, 132, 190 

Rollers, 73, 90, 183, 189, 192, 194, 234, 265, 
287, 293, 652, 71 1 

Rolling steel doors 62 

R(X)f arches 13, 14, 595 

coverings 4. 7. 26, 555 

framing 15 

gutters 26, 80, 531 

Loads on 3. 5. 95. *98 

Pitch of 14 

sheathing 30 

Tar and gravel 29, 32, 81 

Tile 15, 31 

Tin 31 

Roof trusses. Erection of 557 

Shop cost of 549 

Sluicing 14, 17, 84 

Saw tooth 9, 1 1, 62 

Stresses in 7, 670 

Roofing, Cement tile 32 

Clay tile 3 1 

Corrugated steel *5. 27, 28, 67, 79 

Cost of 32. 555 

Gypsum 33 

Slate 28 

Rope, Hoisting 422 

Manila 555 

Steel 423, 560 

Rubble concrete 352 

mason rv 34b, 350 

Rules for shop drawings 495 

Rusting of steel 630 

Safe bearing on soils, 75, 99, 303, 329, 468, 492 

Safe loads on corrugated steel 22, 74 

floors 95.97 

piles 7b, 99. 592 

slabs 665 

Safety hooks 444 
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Sag rods 34» 3^, 78* 79 

Sand blast 632 

Friction of 393 

Pressures of 387 

Weight of 93, 382 

Sandwich doors 55# 81 

Sash, Steel 50, 68, 81 

Sizes of 40* 41 

Wood 81 

Saw tooth roof 8, 9, ii, 62 

Screw pile 359 

Secondary stresses 285 

Section modulus 648, 666 to 669 

Self-supporting steel stacks 471 to 489 

Separators, Beam 107 

Shackle bar 560 

Shaft, Torsion in 651 

Shallow bin 381 

Shear 76, 132, 189, 257, 284, 645, 649 

Corrugated iron 572, 576 

End shear 21 1, 213 

in beams 162, 21 1, 662 

Shear in plate girders 2 ii, 216, 221 

in steel 76* 132, 189, 257, 284 

legs 584 

modulus 646 

on rivets 452, 461, 463 

Sheared plates 527, 529 

Sheathing 3, 30 

Sheave block 564 

Head 445 

Sizes of 425 

Sheet pile 333 

Shipping height 540 

length 540 

weight 540 

Shoes 183, 192, 232, 234, 287 

Shop bills 503 

Shop cost of bins 549 

bridges 551 

columns 549, 550 

chords 550 

eye-bars 550 

fence 550 

floor beams 550 

plate girders 550 

posts 550 

roof trusses 549 

stacks 481, 549 

stand pipes 549 

struts 549 

tanks 549 

towers 550 

tubular piers 551 

Shop details 495, 500 

doors 54» 57»6i 

drawings 493. 495. 545 

floor 68 

painting 91, 195, 255, 633 

plans 71, 94, 186, 493, 517 

rivet percentages 539 

Sidewall» 152, 185 

Signal bridges, Weight of 205 
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Skeleton construction 93 

Skew bridges 256, 282 

Skylights II, 42, 80, 556 

Slab bases 1 18, 533 

Concrete 152, 153, 664 

Steel 1 18, 533 

Slag roof 67 

Slate 28, 74 

roofing 28, 29, 30, 67 

Sleeve nuts 84, 287 

Slope walls 351 

Snatch block 564 

Snow loads 4# 74. 93. 9b, 127, 671 

Soils, Safe load on — see Safe loads on soils 

Sole plates 291, 293 

Spacing of columns 14. 73. 121 

girts 79. 192 

plate girders 251, 288, 290 

purlins 22, 73, 79, 84 

transverse bents *4. 73 

trusses 14, 73, 84, 185, 250, 256, 282 

Span length 73 

Spandrel sections 120, 124 

Specific' gravity of masonry 309 

Specifications for boiler rivet steel 622 

billet steel 624 

bins 443 

cast iron 88, 263, 465, fk)4 

coal tipple 443 

concrete 352 

concrete retaining walls 320 

creosoted timber 156 

distribution of loads 150 

erection of railway bridges 599 

head frames 443 

masonry 346 

nickel steel 620 

office buildings 127, 131 

Portland cement 641 

piles 89, 361, 376, 592 

railway bridges 236, 256, 273, 281 

sag rods 3b. 79 

shop floors 35. 81 

skylights 46, 80 

steel for bridges 2b i, 617 

steel for buildings 85. 130, 1 31, 613 

steel stacks 490 

steel standpipes 4b i 

steel castings 627 

steel frame buildings 73 

steel 465 

stone masonry 349 

steel tanks 461 

tar and gravel roof 29, 32, 81 

timber 88, 372, 379 

timber bridges 372 

timber piles 361 

tipple* 443 

tubular piers 337 

windows 46, 80 

waterproofing 228 

wood floor 38, 82 

wrought iron 88, 263, 378, 605, 606 
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Splices 84, 192, 286, 289 

Flange 268 

Indirect 259, 287 

Plates 89, 194 

Web 89, 131, 268, 288, 715, 730 

Stack, Flashing 29 

Stack, Steel 480 to 490 

Standpipe 447, 453, 460 

Painting 468, 469 

Shop cost of 549, 550 

Specifications for 461 

Stresses in 447 

Starred angles 710 

Stay plates, see Batten plates 

Steamboat jack 576 

ratchet 57b 

Steel, Bessemer 603, 6^ 

bins 381, 395, 403 

Boiler rivet 622 


castings 90, 194, 265, 369, 378, 604 

column bases 116, 118, 515 

columns, 15, 19, 20, 21, 118, 128, 507, 512, 

638, 71 1 

corrosion 630 

Crucible 610 


cylinder piers 335, 337» 34^ 

derrick 585, 594 

details 703 

doors 57f fi3 

elevated tanks 447, 453, 459 

erection 92, 136. 517, 552, 557 

footings 1 18, 515 

CTain bins 401, 419 

head frames 421, 428, 444 

Steel mill buildings. Stresses in 8, 674 

Cost of 552 

Design of 7» 21 

Steel mill buildings. Erection plan, 517, 551, 552 

Estimates for 541 

Examples 62 to 72 

Steel, Minimum thickness of, 78, 129, 135, 191, 
285, 445, 462, 469, 491 
Nickel 61 1 


Steel office buildings 94, 127, 506 

Erection 129, 136, 557 

Specifications for 127, 131 

Weight of 94 

Steel railway bridges, see Railway bridges 
reinforcement 352, 624, 625, 640 


rope 

sash 

slabs 

stacks 

standpipe. . . 
stren^h of. . 
stringers. . . . 

tank 

tipples 

tubular piers 
windows . . . . 

Stiffeners 

in bins 

Circular 


423. 443 

50, 68, 80 

118, 533 

480, 490 

447. 433. 460 

610, 612 

160, 186 

461 

421. 434. 442 

335 to 344, 551 

50, 68, 80 

78. 83, 89, 132, 136, 193 
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PAGE 

Stiff leff derrick 584, 594 

Stiles, Window 40, 42, 43, 50 

Stitch rivets 133. 537 

Stock material 525 

Stone masonry 346, 349 

Strain 645 

Strenrth of cast iron 612 

chains 563 

concrete 637, 638 

masonry 309 

Portland cement 423 

rope 610 

steel 610 

steel casting^ 612 

timber 379 

wrought iron 612 

Stress 645, 649 

diagram 493 

due to weight 190, 721 

Impact, see Impact stresses 

Initial 78, 135, 255 

Kinds of 209 

Reversal of, see Reversal of stress 
Stresses, Allow'able, see Allowable stresses in 

in beams 647, 654, 657 

bins 381, 389, 391 

bridge trusses 675 

cast iron, see Cast iron. Stresses in 

circular girder 449 

columns 189, 450 

concrete slabs 6^ 

concrete beams 664 

corrugated steel 22 

culverts 701 

deep bins 401 

eccentric connections 727 

elevated tanks 448 

flanges 

flat plates 395, 653 

framed structures 670 

grain bins 401 

highway bridges 162, 682 to 686 

hoisting ropes 423 

hooks 651 

lacing bars 732 

masonry 76, 309 

mill buildings 7, 674 

office buildings 100 

pins 717 

pipe... 650 

plate girders 713 

portal 680, 690, 700 

railway bridges 212, 216, 219, 686 

riveted joints 650, 731 

rollers 652 

roof trusses 7, 670 

shallow bins 381 

stacks 473 

standpipes 447 

stiff frames 688 to 701 

suspension bunker 391 

timber floors 95, 97 

transverse bent 71, 674 
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trestle bent 68 1 

wire rope 560 

Stresses, Secondary 285 

temperature 85, 192, 287 

Stringer frames 288 

Floor. . . , . .149» 159. 260, 264, 270, 550 

Jack 357 

Struts, angle 260, 290, 513, 707 

Structural drafting 493 

Structural steel, Cost of 544 

Erection of 557 

Estimates of 541 

Nickel 620 

Structural timber 357, 379 

Sub-purlin 3, 18, 31 

Sub-punching holes 193, 291 

Suspension bridge 142 

bunker 391, 398 

Sway bracing 288 

Swing bridge 142, 205 

Tackle, Efficiency of 567 

Lifting capacity of 566 

Taking off material 542 

Talbot's formula for waterways for bridges 330 

Tanks, Elevated 447, 468, 469, 550, 558 

Tar concrete floor 3^. 82 

and gravel roof 29, 32, 556 

paint 322, 633 

Temp>erature stresses 85, 128, 188, 698 

reinforcement for 640 

Tension 645 

in angles 7b, 77, 189, 704 

members 703, 706 

Tests 85, 91, 196 

Impact 147, 210, 278 

Thickness, Minimum, see Minimum thick- 
ness of web plates, see Plates, Web 

Three- hinged arch 13 

Through travelers 588 

Ties 187, 250, 252, 256, 283 

Tile 31, 32, 33 » 74 

roofing 3L 33 

Timber. 39. 7®, 88, 379 . ^37 

Bill of 368 

block floor 68, 157 

bins 403 

bridge 357, 368, 373, 375, 377 

column formula 79, 379 

floors 39, 78, 15b, 225 

Guard 357, 361 

joists.' 160 

Timber piles 76, 99 . 357 . 359 . 361, 59 * 

pile trestle 378 

purlins 84 

Sawed 88 

stringers 160, 186 

Structural 357 

trav^ 590, 591 

: • • - 357 . 361. 364. 37 * 

- -i 365.370 

Weight of 93 

Tin 636 


Tin roofing 31 

Tipples, Coal 421, 434 

Tools, Erection 359, 559 

Torsion in shaft 651 

Tower struts 260 

TQwers^ Stresses in . . ; 450 

Viaduct 290 

Weight of 206 

Translucent fabric 45 

Transverse bent 3, 12, 14, 71, 674, 722 

bracing 18, 271 

Transtx)rtation 535, 540 

Traveler 584, 590, 594 

Tremic for depositing concrete 354 

Trestle, Ballasted deck 364 

Bridge.. 357, 361, 378 

Stresses in 681 

Trestle, towers 206 

Weight of steel 206 

Truss bridges 505 

Cost of erection 553 

Design of 183 

Drawings for 505 

Erection 582 

Examples 139 to 142, 232 to 245 

Shop cost 551 

Spacing 185 

Stresses in, see Stresses in 

Types 139, 185, 290 

Weight 142, 197 to 206 

Truss Roof 3, 129 

Cost of 554 

Design 15 

Details 16, 17 

Pitch 14, 73 

Spacing 14. 73, 84 

Types 9. 10, 73 

Trusses Roof, Weight of 3, 74 

Turned bolts 90, 264 

Tubular piers 33vS to 344, 551, 553 

Two-hinged arch 13 

Ultimate deformation 646 

stress 645 

Uniform loads 1 51, 207 

Unit stress 645 

Universal plates 528, 530 

Unsymmetrical loaded beams 652 

Upset ends 287 

Upsets, Standard 467 

Ventilators 3, 29, 48, 80, 556 

Ventilator, Circular 29, ^ 

Monitor 3, 1 1, 48 

Viaduct, Erection of 557 

traveler 586 

Types of 290 

Weight of 206 

Wall anchors 129 

plates 129, 193, 260 

Walls, Brick 68 

Details of 120 

Loads on 406 
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Mil! building 7 

Retaining 297 

Warren truss 140, 141, 676, 679 

Washers 378, 388 

Waterproofing, Concrete 322, 556 

floors 226, 556 

Water tanks 447, 453, 457, 460, 469 

Watertight joints 355, 452, 481, 535 

Waterway for bridges 330 

Weaving shed roof, see Saw tooth roof 

Web members 284 

Web plates, 89, 129, 191, 193, 194, 264, 268, 
289, 293 

splices 83, 268, 728 

Weepers in walls 305 

Welds 90, 194, 265, 293 

Weight of ashes 93, 392 

beam bridge 166 

bracing 4 

building materials 93 

cast iron 93 

coal tipples 442 

columns 4 

concrete 93, 187, 256, 282, 309 

conductors 26, 80 

corrugated steel 15, 25, 74 

draw spans 205 

electric railway bridges 147 

girts 4 

gutters 26 

head frames 430, 432 

highway bridges 143, 144 

hoisting engines 559 

locomotives 202, 274 

louvres 24 

masonry 309 

materials 93, 309 

office buildings 94 


ore 393 

plate girders 146 

purlins 4 

railway bridges 198 to 203 

railway viaduct 206 

ridge roll 24 

rivet heads . . . 539, 542 

roof arches 13, 14 

roof covering 4. 74 

roof trusses 3 

roofing 4, 98 

sand 93. 382 

sheathing 4 

signal bridges. 205 


PAGE 

skips 432, 442 

skylight glass 93 

slate 30, 93 

snow 4. 93. 95 

steel 90, 93. 105 

tiles 4, 31 

tile roofing 4, 3l 

timber 93 

trestle towers 206 

tin 4, 31 

trucks 148, 152, 162 

wrought iron 93 

Wheat, Angle of repose of 403 

Weight of 403 

Wheel loads 208 

guards 186, 361 

Whipple truss 141 

Wind bracing 12 1, 124 

loads, 5, 75, 95, 96, 127, 131, 188, 253, 257, 
283, 409, 444, 461, 463, 472 

stresses 100, 190, 671, 674 

Windows, Cost of 556 

Details of 42 to 49 

Specifications for 50 

Window glass 40 

Winch 558 

Wire glass 42, 68, 81 

netting 28, 29 

Wood sash 81 

Work in a bar 646 

beam 653 

Wooden doors 54 

floor 38, 82 

sash 40, 41 

sheathing 74 

Working loads in ropes 559, 560 

stress — see Allowable stress 

Wrench. 569, 571, 577 

Wrought iron 263, 378, 605, 607 

bars 88 

plates 606 

washers 378 

X-brace 357. 37^ 

Yellow pine 379 

Yield point 85, 261, 646 


2^ees 

Zinc 

Zinc paint 
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PART II. 

Structural Tables. 

Introduction. — The tables in Part II include the properties of simple rolled sections; the 
properties of compound sections; the properties of built-up sections for columns, struts and 
chords; safe loads for angles, beams and channels, and of angle struts; properties of rivets and 
riveted joints, and miscellaneous data for structural design. It has been the aim to give tables 
and data that will be of use to the designing engineer and to the student in the designing room 
rather than to give safe loads, stresses and other predigested data that may be used by the novice. 
To this end properties of sections are given while s«'ife loads for columns and chords have been 
omitted. Tables of trigonometric functions and logarithms and other tables that are readily 
available have not been included. The tables are arranged so that each page is self-contained 
and self-explanatory. In the tables the properties of rolled sections are grouped together for ease 
in reference, and are followed by properties of built-up sections. The tables in Part II are num- 
bered in Arabic numerals. 

Original Tables.— Tables 3, 4, 5, 13. 19, 20, 21, 22, 32, 33, 34, 35, 36, 37, 38, 39, 40, 56, 57, 
58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 78, 79, 80, 81, 82, 83, 84, 85, 86, 
87, 134, 135 and 136, covering 136 pages, were calculated especially for this book. The tables 
have been calculated and checked with great care and are believed to be accurate. These tables 
are fully protected by copyright and are not to be copied without permission from the author. 

The properties of compound sections consisting of two or four angles or of two channels, 
placed in different relative positions, may be used in designing struts, columns or chords where 
the sections are held together by means of lacing and tic plates; or the properties of built-up 
sections may be obtained by combining the moments of inertia of the compound sections and the 
moments of inertia of one or two plates in the proper relative positions. The built-up sections 
are all designed to comply with standard specifications and with the standards of the American 
Bridge Co. for rivet spacing and structural details. To illustrate the use of the tables of compound 
sections in building up struts, columns and chords, a one page table is given for each built-up 
section in common use, in which the propierties for the usual proportions are given and the methods 
for calculating additional values by using the key tables of compound sections are given. The 
method of calculating the properties of built-up sections by using the moments of inertia of com- 
pound sections is shown in Table I. 

STANDARD TABLES. — The other tables in Part II have been taken from Carnegie Steel 
Com|>any*8 ** Pocket Companion,” Cambria “Steel,” American Bridge Company’s “Book of 
Standards,” and other sources to which credit has been given. Many of the copied tables have been 
rearranged and extended. The properties of I-Beams in Table 7, properties of channels in Table 
14, and properties of angles in Table 23 and Table 24 were taken from American Bridge Com- 
pany’s “ Book of Standards,” but have been checked with the recent edition of Carnegie’s “ Pocket 
Companion.” 
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Table 1.‘ 
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AoF4B Table il. 

IsoF4B^IyJable3L 

\b 

AoFTPI. Tablel. 
lym^IJableS. 
IeoF2PI.-I,,Table3. 

=/ion7entoF Inertia^ AxisA-A. • Moment oF her tia. Axis X-X . A = Area . 

I^MomentorinertidJxhBB. lY‘MomentoFlnertia,Axi5YY . - zMtmT A 

^RddiusoFGyratioPjAxisA-A. Ir/iomentoF inertia, Axis H . ^ — ^7 ' * 

r^^RddiusoFOyr^tion.AxisB'B. I 2 = Moment oF Inert id, Ax is !fZ, ^o'^iotallgrlotalA, 


TOP CHORD SECTIONS. — The top chord sections given in Tables 82 to 86 were calculated 
to comply with the standard sf)ecifications which follow, unless otherwise noted in the tables. 

Specifications. — All top chord sections shall comply with the following requirements. 

Thickness of Metal . — The minimum thickness of metal shall be ^ in. for highway bridges 
and H railway bridges. 

Caver Plates . — The cover plate shall have a thickness not less than one-fortieth (j'o) the dis- 
tance between gage lines of rivets in the flange angles on each side of the section. The cover 
plate shall always have the minimum thickness that will comply with the above requirements. 

Web Plates . — ^The web plates shall have a thickness not less than one-thirtieth (10) the 
distance between gage lines of rivets in the flange angles in the line of stress. As much of the 
metal as practicable shall be concentrated in the web plates and flange angles. 

Proportions of Chord Section . — There shall be a top cover plate which shall have a minimum 
thickness permitted by the sp>ecifications. As much of the metal as possible shall be concentrated 
in the web plates and flange angles. The top and bottom angles shall be so selected as to bring 
the neutral axis of the section as near the center of the web plates as practicable. The moments 
of inertia of the section about the two rectangular axes shall be approximately equal. 

Note in Third Edition. — The Association of American Steel Manufacturers, in 1923, revised 
the weights and properties of I-beams and channels as follows: The weights* of minimum sections 
of I-beams and channels were changed to include the weight of the fillets, the areas and other 
properties remaining unchanged. The weights of other than minimum sections were not changed 
while the areas were changed to include the fillets, and the other properties were slightly changed. 

In adjusting Tables 19 to 22, 57 to 63, and 82 for the changes above, the weights ot minimum 
sections, and the areas of other than minimum sections were changed. All properties for minimum 
I-beams and channels given in the above tables are, therefore, exact; the properties of other than 
minimum sections are not exact, but are generally correct within less than two-tenths of one 
per cent. 
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Table 

2. 

Table 
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Table 
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Table 
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Table 
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Table 7. 
Table 8. 
Table 9. 
Table 10. 
Table ii. 
Table 12. 
Table 13. 


Table 14. 
Table 15. 
Table 16. 
Table 17. 
Table 18. 
Table i8a. 
Table 19. 

Table 20. 
Table 21. 

Table 22. 


Table 
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Table 

24. 

Table 

25. 

Table 

26. 

Table 

27 - 

Table 

28. 

Table 

29. 

Table 

30. 

Table 

31. 

Table 

32. 


Bars and Plates. page 

Areas of Bars and Plates 9 

Weights of Steel Bars and Plates 12 

Moments of Inertia of Plates about Axis i-i 15 

Moments of Inertia of Plates about Axis 2-2 17 

Moments of Inertia of Two Plates i inch Wide about Axis X-X 18 

Weights and Areas of Round and Square Bars 21 


I-Beams. 

Properties of Carnegie I-Beams 23 

Elements of Carnegie I-Beams 25 

Maximum Moments and Web Resistances 27 

Maximum Moments and Web Resistances 29 

Per cent Reductions for Lateral Deflection of I-Beams and Channels 29 

Safe Loads and Deflections for Carnegie I-Beams 30 

Safe Loads and Deflections of Carnegie I-Beams 31 

Channels. 

Properties of Carnegie Channels 32 

Elements of Carnegie Channels 33 

Web Resistance of Channels 34 

Safe Loads and Deflections of Carnegie Channels 35 

Safe Loads and Deflections of Carnegie Channels Laid Flat 37 

Coefficients of Deflection 37 

Moments of Inertia of Two Channels, Flanges Turned Out, Distances Back to 

Back 38 

Moments of Inertia of Two Channels, Flanges Turned In, Distances Back to Back 40 
Moments of Inertia of Two Channels, Flanges Turned In, Distances Inside to 

Inside of Web 42 

Properties of Two Channels, Flanges Turned Out, Small Distances 44 

Angles. 

Properties of Equal Leg Angles 45 

Properties of Unequal Leg Angles 48 

Areas of Angles 53 

Weights of Angles 54 

Overrun of Pencoyd Angles 55 

Overrun of Pennsylvania Steel Co. Angles 56 

Net Areas and Allowable Tension Values for Angles 57 

Safe Loads for Angles with Equal Legs 60 

Safe Loads for Angles with Unequal Legs 61 

Moments of Inertia of Four Angles with Equal Legs, Axis^-X 65 
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Table 33. Moments of Inertia of Four Angles, Unequal Legs, Axis X-X, Long Legs Out. . 73 
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TABLE 1. 

Areas of Bars and Plates. 


Square Inches. 


Thickness. Inches. 


.078 .094 .109 .125 .141 .156 .172 .188 .203 .22 .23 .25 

.156 .188 .219 .250 .281 .313 .344 .375 .406 .44 .47 .50 

.234 .281 .328 .375 .422 .469 .516 .563 .609 .66 .70 .75 

•313 -375 *438 -500 -563 .625 .688 .750 .813 .88 .94 i.oo 

.391 .469 .547 .625 .703 .781 .859 .938 1.016 1.09 1. 17 1.25 

.4^ .563 .656 .750 .844 .938 1.03 1 1. 125 1. 219 1.3 1 1.41 1.50 

•547 -656 .766 .873 .984 1.094 1.203 1. 313 1.422 1.53 1.64 1.7s 

ils .750 .8751.00^1.1251.^01.3751.5001.625 1.75 1.88 2.^ 

I 

.703 .844 .984 1. 1 25 1.266 1.406 1.547 1.688 1.828 1.97 2.11 2.25 

.781 .938 1.094 1.250 1.406 1.563 1.719 1.875 2.031 2.19 2.34 2.50 

.859 1.031 1.203 1.375 1.547 1.719 1.891 2.063 2.234 2.41 2.58 2.75 

.938 1.125 1.313 1.500 1.688 1.875 2.063 2.250 2.438 2.63 2.81 3.00 


016 .031 .047 .063 .078 .094 .109 .125 .141 .156 .172 .188 .203 .22 .23 .25 

031 .063 .094 .125 .156 .188 .219 .250 .281 .313 .344 .375 .406 .44 .47 .50 

047 .094 .141 .188 .234 .281 .328 .375 .422 .469 .516 .563 .609 .66 .70 .75 

063 .125 .188 .250 .313 .375 .438 .500 .563 .625 .688 .750 .813 .88 .94 1.00 

078 .156 .234 .313 .391 .469 .547 .625 .703 .781 .859 .938 1.016 1.09 1.17 I.2S 

094 .188 .281 .375 .469 .563 .656 .750 .844 .938 1.031 1.125 1-219 *-3* 1*41 *-50 

109 .219 .328 .438 .547 .656 .766 .875 .984 1.094 1.203 1. 313 1.422 1.53 1.64 1.7s 

125 .250 .375 .5^ .625 750 .8751.00^1.1251.^01.3751.5001.625 1.75 1.88 2.00 

I 

141 .281 .422 .563 .703 .844 .9841.1251.2661.4061.5471.6881.828 1.97 2.11 2.25 

156 .313 .469 .625 .781 .9381.0941.2501.4061.5631.7191.8752.031 2.19 2.34 2.50 

172 .344 .516 .688 .8591.0311.2031.3751.5471.7191.8912.0632.234 2.41 2.58 2.75 

188 .375 .563 .750 .9381.1251.3131.5001.6881.8752.0632.2502.438 2.63 2.81 3.00 

203 .406 .609 .8131.0161.2191.4221.6251.8282.0312.234^2.4382.641 2.84 3.05 3.25 

219 .438 .656 .8751.0941.3131.5311.7501.9692.1882.4062.6252.844 3.06 3.28 3.50 

234 .469 .703 .9381.1721.4061.6411.8752.1092.3442.5782.8133.047 3.28 3.52 3.75 

250 .500 .7501.0001.2501.5001.7502.0002.2502.5002.7503.0003.250 3.50 3.75 4.00 

266 .531 .797 1,063 1.328 1.594 1.859 2.125 2.391 2-656 2.922^3.188 3.453 3.72 3.98 4.25 

281 .563 ,8441.1251.4061.6881.9692.2502.5312.8133.0943.3753.656 3.94 4.22 4.50 

297 .594 .8911.1881.4841.7812.0782.3752.6722.9693.2663.5633.859 4.16 4.45 4.75 

313 .625 .9381.2501.5631,8752.1882.5002.8133.1253.4383.7504.063 4.38 4,69 5.00 

328 .656 .984 1.313 1.641 1.969 2.297 2.625 2.953 3.281 3.609*3.938 4.266 4.59 4.92 5.25 

344 .688 1.03 1 1.375 1.719 2.063 2.406 2.750 3.094 3.438 3.7814.125 4.469 4.81 5.16 5.50 

359 .719 1-078 1.438 1,797 2-156 2.516 2.875 3.234 3.594 3 - 9 S 3 ' 4 - 3 i 3 4-672 5 03 5-39 5-75 

375 -7501.125 1.500 1.875 2.250 2.625 3.000 3.375 3.750 4-I25|4-500 4.875 S-^S 5-63 6.00 

391 .7811.1721.5631.9532.3442.7343.1253.5163.9064.297*4.6885.078 5.47 5.86 6.25 

406 .813 1.219 1.625 2.031 2.438 2.844 3.250 3.656 4.063 4.469 4.875 5.281 5.69 6.09 6.50 

422 .8441.2661.6882.1092.5312.9533.3753.7974.2194.6415.0635.484 5.91 6.33 6.75 

438 .8751.3131.7502.1882,6253.0633.5003.9384.3754.813 5.2505.688 6.13 6.56 7.00 

453 .9061.3591.8132.2662.7193.1723.6254.0784.5314.984*5.4385.891 6.34 6.80 7.25 

469 .938 1.406 1.875 2.344 2,813 3.281 3.7504.2194.688 5.1565.625 6.094 6.56 7.03 7.50 

484 .9691.4531.9382.4222.9063.3913.8754.3594.8445.3285.8136.297 6.78 7.27 7.75 

500 1.000 1.500 2.000 2.500 3.000 3.500 4.000 4.500 5.000 5.500|6.ooo 6.500 7.00 7.50 8.00 

5161.0311.5472.0632.5783.0943.6094.1254.6415.1565.6726.1886.703 7.22 7.73 8.25 
531 1.063 1.594 2.125 2.656 3.188 3.7194.2504.781 5.313 5.844 6.375 6.906 7.44 7.97 8.50 

547 1.094 1-641 2.188 2.734 3.281 3.8284.375 4.922 5.4696.0166.563 7.109 7.66 8.20 8.75 

563 1.1251.6882.2502.8133.3753.9384.5005.0635.6256.18816.7507.313 7.88 8.44 9.00 

578 1.156 1.734 2-3*3 2-891 3-469 4-047 4-625 5.203 5.781 6.359 6.938 7.516 8.09 8.67 9.25 

594 I-I88 1.781 2.375 2.9693.563 4.1564.7505.344 5.9386.531 7.125 7.719 8.31 8.91 9.50 

609 1.2191.8282.4383.0473.6564.2664.8755.4846.0946.7037.3137.922 8.53 9.14 9.75 

625 1.250 1.875 2.500 3.125 3.750 4.375 5.000 5.625 6.250 6.875 7-500 8.125 8.75 9.38 10.00 

641 1.281 1.922 2.563 3.203 3.8444.4845.125 5.7666.4067.047*7.688 8.328 8.97 9.61 10.25 

656 1.313 1.969 2.625 3.281 3.938 4.594 5.250 5.906 6.563 7.219 7.875 8.531 9.19 9.84 10.50 

672 1.344 2.016 2.688 3.359 4.031 4.703 5.375 6.047 6.719 7.391 8.063 8.734 9-41 10.08 10.75 

688 1.375 2.063 2.750 3.438 4.125 4.813 5.5006.188 6.875 7-563 8.250 8.938 9.63 10.31 1 1.00 

703 1.4062.1092.813 3.5164.2194.9225.6256.3287.031 7.73^8.4389.141 9.84 10.55 11-25 
719 1.438 2.1562.87s 3.5944.313 5,031 5.7506.4697.188 7.9068.625 9.344 10.06 10.78 11.50 
734 1.469 2.203 2-938 3-672 4-406 S.141 5.87s 6.609 7-344 8.078 8.813 9.547 10.28 11.02 1 1.7s 
3.000 3.7504.500 5.2506.0006.750 7.500 8.2509.000 9.750 10.50 11.25 12.00 





TABLE 1 . — Continued, 

Areas of Bars and Plates. 


Square Inches. 



iz\ .7811.5632.344 3.13 3.91 4.69 5.47 6.25 703 7-8i 8.59 9.3810.1610.94111.7212.501 

13 .8131.6252.438 3.25 4.06 4.88 5.69 6.50 7.31 8.13 8.94 9.7510.5611.38,12.1913.001 

13J .8441.6882.531 3.38 4.22 5.06 5.91 6.75 7.59 8.44 9.28 10.13 10.97 1 1.81 12.66 13.50 

14 .8751.7502.625 3.50 4.38 5.25 6.13 7.00 7.88 8.75 9.63 10.50 11.38 12.25 13.13 14.00 

I4i .9061.8132.719 3.63 4.53 5.44 6.34 7.25 8.16 9.06 9.9710.8811.7812.6913.5914.5c 

15 .9381.8752.813 3.75 4.69 5.63 6.56 7.50 8.44 9.3810.3111.2512.1913.13,14.0615.00 

15J .9^1.9382.906 3.88 4.84 5.81 6.78 7.75 8.72 9.6910.6611.6312.5913.56,14.5315.5c 

16 1.0002.0003.000 4.00 5.00 6.00 7.00 8.00 9.0010.0011.0012.0013.0014.00:15.0016.00 

16J 1.0312.0633.094 4.13 5.16 6.19 7.22 8.25 9.2810.3111.3412.3813.4114.44115.4716.50 

17 1.0632.1253.188 4.25 5.31 6.38 7.44 8.50 9.56 10.63 11.69 12.75 13.81 14.88 15.94 17.cc 

I7i 1.0942.1883.281 4.38 5.47 6.56 7.66 8.75 9.84 10.94 12.03 13.13 14.22 15.31 16.41 17.5c 

18 1.1252.2503.375 4.50 5.63 6.75 7.88 9.00 10.13 11.25 12.38 13.50 14.63 15. 75 |i6. 88 18.CO 

i8j 1.1562.3133.469 4.63 5.78 6.94 8.09 9.25 10.41 1 1.56 12.72 13.88 15.03 16.19 17.34 18.50 

19 1.1882.3753.563 4.75 5.94 7.13 8.31 9.5010.^11.8813.0614.2515.4416.63117.8119.00 

19J 1.2192.4383.656 4.88 6.09 7.31 8.53 9.75 10.97 12.19 13.41 14.63 15.84 17.06 18.28 19.50 

20 1.2502.5003.750 5.00 6.25 7.50 8.75 10.00 11.25 12*50 13*75 *5*00 16.25 17.5018.75 20.00 

2o\ 1.281 2.563 3.844 5.13 6.41 7.69 8.97 10.25 **-53 14.09 15.38 16.66 17.94 *9-22 20.50 

21 1.3132.6253.938 5.25 6.56 7.88 9.19 10.50 11.81 13.13 14.44 15.75 17.06 18.38 19.69 21.00 

21J 1.344 2.688 4.031 5*3^ 6*72 8.06 9.4110.7512.0913.4414.7816.1317.4718.81120.1621.50 

22 1.375 2.7504.125 5.50 6.88 8.25 9.63 11.00 12.38 13.75 15.13 16.50 17.88 19.25 20.63 22.00 

22J 1.4062.813 4.219 5.63 7.03 8.44 9.84 11.25 *2.66 14.06 15.47 16.88 18.28 19.69 21.09 22.50 

23 1.4382.8754.313 5.75 7.19 8.6310.0611.5012.9414.3815.8117.2518.6920.13121.5623.00 

23! 1.4692.9384.406 5.88 7.34 8.81 10.28 11.75 *3*22 14.69 16.16 17.63 19.0920.56122.03 23.50 

24 1.5003.0004.500 6.00 7.50 9.00 10.50 12.00 13.50 15.00 16.50 18.00 19.50 21.00 22.50 24.00 


25 1.5633.1254.688 6.25 7.81 

26 1.6253.2504.875 6.50 8.13 

27 1.6883.3755*063 6.75 8.44 

28 1.750 3.500 5.250 7.00 8.75 

29 1.813 3.625 5.438 7.25 9,06 

30 1.8753*7505*625 7*50 9*38 

31 1.9383*8755*8*3 7-75 969 

32 2.000 4.000 6.000 8.00 10.00 


9.38 10.94 *2.50 14.06 15.63 17.19 18.75 20.31 21.88 23.44 25.00 

9.75 11.38 13.00 14.63 16.25 *7*88 19.50 21.13 22.75 24.38 26.00 

10.13 * **8* *3*50 15.19 16.88 18.56 20.25 21.94 23.63 25.31 27.00 

10.50 12.25 *4-00 15.75 17.50 19.25 21.00 22.75 24.50 26.25 28.00 

10.88 12.69 *4*50 16.31 18.13 *9*94 21.75 23.56 25.38 27.19 29.00 

11.25 *3**3 *5*00 16.88 18.75 20.63 22.50 24.38 26.25 28.13 30.00 

11.63 13.56 15.50 17.44 *9*38 21.31 23.25 25.19 27.13 29.06 31.00 

12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00 


2.063 4**25 6.188 8.25 10.31 12.38 14.44 *6.50 18.56 20.63 22.69 24.75 26.81 28.88 30.94 33.00 
2.125 4*250 ^*375 8.50 10.63 *2*75 *4*88 17.00 19.13 21.25 23.38 25.50 27.63 29.75 3**88 34.00 
2.188 4.375 6.563 8.75 10.94 *3**3 *5*3* *7*50 19.69 21.88 24.06 26.25 28.44 30.63 32.81 35.00 
2.2504.5006.750 9.00 11.25 *3*50*5*75 *8.0020.25 22.5024.75 27.0029.25 3**5033*75 36*00 

2.313 4.625 6.938 9.25 11.56 13.88 16.19 *8.50 20.81 23.13 25.44 27.75 30*06 32.38 34.69 37.00 
2*375 4*7^'^ 7**2S 9.50 11.88 14.25 16.63 19.00 21.38 23.75 26.13 28.50 30.88 33.25 35.63 38.00 
2.438 4.875 7.313 9.75 12.19 *4*63 *7*o6 19.50 21.94 24*38 26.81 29.25 31.69 34.13 36.56 39.00 
2.500 5.000 7.500 10.00 12.50 15.00 17.50 20.00 22.50 25.00 27.50 30.00 32.50 35.00 37*50 40*00 

2.563 5.125 7.688 10.25 *2.81 15.38 17.94 20.50 23.06 25.63 28.19 30.75 33*3* 35*88 38.44 41.00 
2.625 5*2507*875 *0.50 13.13 15.75 18.38 21.00 23.63 26.25 28.88 31.50 34**3 36.75 39*38 42.00 
2.688 5.375 8.063 *0.75 *3*44 *6.13 18.81 21.50 24.19 26.88 29.56 32.25 34.94 37*63 40*3* 43*00 
2*750 5*500 8.250 11.00 13.75 *6.50 19.25 22.00 24.75 27.50 30.25 33.00 35.75 38.50 41.25 44.00 

2.813 5*625 8.438 11.25 *4*06 16.88 19.69 22.50 25.31 28.13 30.94 33*75 36.56 39.38 42.19 45.00 
2.875 5*7508.625 11.50 14.38 17.25 20.13 23.00 25.88 28.75 3**63 34*50 37*38 40.25 43.13 46.00 
2.938 5.875 8.813 11.75 *4*69 *7.63 20.56 23.50 26.44 29.38 32.31 35.25 38.19 41.13 44*06 47.00 
3.ooo|6.ooo 9.000 12.00 i5/x> 18.00 21.00 24.00 27.00 30,00 33.00 36.00 39.00 42.00 45*oo 48.00 
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TABLE 2. 

Weights of Steel Bars and Plates. 



Width, 

Thickness. Inches. 

Inches. 

* 

i 

A 

i 

A 

1 

A 

i 

A 

1 

H 

1 

H 

1 

H 

z 

1 

4 

•053 

.106 

•159 

.213 

.27 

-32 

•37 

•43 

.48 

.53 

•58 

.64 

.69 

-74 

.80 

•8s 

i 

.106 

.213 

•319 

.425 

-53 

.64 

•74 

-8s 

.96 

1.06 

1-17 

1.28 

1.38 

1.49 

1-59 

1.70 

1 

•159 

.319 

.478 

.638 

.80 

.96 

1.12 

1.28 

1-43 

1.59 

1-75 

1.91 

2.07 

2.23 

2.39 

2-55 

I 

.213 

•425 

.638 

.850 

1.06 

1.28 

1.49 

1.70 

1.91 

2.13 

2.34 

2-55 

2.76 

2.98 

3.19 

3.40 

li 

.266 

•531 

•797 

1.063 

1.33 

1.59 

1.86 

2.13 

2-39 

2.66 

2.92 

3-19 

3-45 

3-72 

3.98 

4-25 

li 

•319 

.638 

•956 

1.275 

1.59 

1.91 

2.23 

2 -SS 

2.87 

3-19 

3-51 

3.83 

4.14 

4.46 

4.78 

5.10 

li 

•372 

•7^ 

1.116 

1.488 

1.86 

2.23 

2.60 

2.98 

3-35 

3-72 

4.09 

4.46 

4-83 

5-21 


5-95 

a 

•425 

.850 

1.275 

1.700 

2.13 

2-55 

2.98 

3.40 

3.83 

4-25 

4.68 

5-10 

5-53 

5-95 

6.38 

6.80 

2i 

.478 

.956 

«-434 

1.913 

2-30 

2.87 

3-35 

3.83 

4.30 

4.78 

5.26 

5-74 

6.22 

6.69 

7-17 

7.65 


•531 

1.063 

I -594 

2.125 

2.66 

3.19 

3.72 

4 - 2 S 

4.78 

5-31 

5.84 

6.38 

6.91 

7-44 

7-97 

8.50 

2i 

.584 

1.169 

1-753 

2.338 

2.92 

3-51 

4.09 

4.68 

5.26 

5.84 

6.43 

7.01 

7.60 

8.18 

8.77 

9-35 

3 

.638 

1-275 

1.913 

2.550 

3-19 

3.83 

4.46 

5.10 

5-74 

6.38 

7.01 

7.65 

8.29 

8.93 

9.36 

10.20 

3 l 

.691 

1.381 

2.072 

2.763 

3.45 

4.14 

4.83 

5-53 

6.22 

6.91 

7.60 

8.29 

8.98 

9.67 

10.36 

11.05 

3 i 

•744 

1.488 

2.231 

2-975 

3.72 

4.46 

5,21 

5 - 9 =; 

6.69 

7-44 

8.18 

8.93 

9.67 

10.41 11.16 

11.90 

3 i 

•797 

I -594 

2.391 

3.188 

3.98 

4.78 

558 

6.38 

7-17 

7 97 

8.77 

9.56 

10.36 

II. 16 11.95 

12.75 

4 

.850 

1.700 

2.550 

3.400 

4.25 

5.10 

5-95 

6.80 

7.6s 

8.50 

9-35 

10.20 

1 1.05 

11.90 12.75 

13.60 

4i 

•903 

1.806 

2.709 

3.613 

4-52 

5-42 

6.32 

7-23 

8.n 

9.03 

9-93 

10.84 

11.74 

12.64^3.33 

14-45 

4i 

.956 

1-913 

2.869 

3.82s 

4.78 

5-74 

6.69 

7-65 

8.61 

9.56 

10.52 

11.48 

12.43 

13-39 14.34 

15.30 

4l 

l.O^ 

2.019 

3.028 

4.038 

5-05 

6.06 

7.07 

8.08 

9.08 

10.09 

II. 10 

12.11 

13.12 

14.13 15.14 

16.15 

5 

1.063 

2.125 

3.188 

4.250 

5-31 

6.38 

7-44 

8.50 

9-56 

10.63 

1 1.69 

12.75 

13.81 

14.88 13.94 

17.00 

si 

1.116 

2.231 

3-347 

4-463 

5-58 

6.69 

7.81 

8.93 

10.04 

11.16 

12.27 

13-39 

14.50 

15.62 16.73 

17.8s 

Si 

1.169 

2.338 

3.506 

4.67s 

5,84 

7.01 

8.18 

9-35 

10.52 

11.69 

12.86 

1403 

15.19 

16.3617.53 

18.70 

5 l 

1.222 

2.444 

3.666 

4.888 

6. 1 1 

7-33 

8.55 

9.78 

11.00 

12.22 

13-44 

14.66 

15.88 

1711, 18. 11 

19-55 

6 

1.275 

2.550 

.-82s 

5.100 

6.38 

7,65 

8.93 

10.20 

11.48 

12.75 

14.03 

15-30 

16.58 

> 7 - 8 s'i 9 -I 3 

20.40 

64 

1.328 

2.656 

3.984 

S.313 

6.64 

7.97 

9.30 

10.63 

11.95 

13.28 

14.61 

15-94 

17.27 

1 8.39; 19.92 

21.25 

6f 

1.381 

2.763 

4 -J 44 

5-525 

6.91 

8.29 

9.67 

11.05 

12.43 

13.81I 

15.19 

16.58 

17.96 

19.3420.72 

22.10 

6} 

1-434 

2.869 

4-303 

5-738 

7.17 

8.61 

10.04 

11.48 

12.91 

14-34 

15.78 

17.21 

18.65 

20.08 21.52 

22.95 

7 

1.488 

2-975 

4-463 

5.950 

7.44 

8,93 

10.41 

11.^ 

13-39 

14.88 

16.36 

17.85 

19-34 

2O.83j22.3i 

23.80 


I.541 

3.081 

4.622 

6.163 

7 - 70 ! 

9.24 

10.78 

12.33 

13.87 

15.41 

16.95 

18.49 

20.03 

21.57 23.11 

24.65 

7 } 

1-594 

3.188 

4 - 78 y 

6-375 

7-97 

9-56 

11.16 

12.75 

14-34 

15-94 

* 7-53 

19.13 

20.72 

22.31 23.91 

25.50 

71 

1.647 

3.294 

4.941 

6.S88 

8,23 

9.88 

II.S 3 

13.18 

14.82 

16.47 

18.12 

19.76 

21.41 

23.06 24.70 

26.3s 

8 

1.700 

3.400 

5 100 

6.800 

8.50 

10.20 

11.90 

13.60 

15.30 

17.00 

18.70 

20.40 

22.10 

23.8023.50 

27.20 

84 

1-753 

3.S06 

5-259 

7.013 

8.77 

10.52 

12.27 

14.03 

15.78 

17-53 

19.28 

21.04 

22.79 

24.sV26.30 

28.05 

8} 

1.8^ 

3.6/3 

5-419 

7.225 

9.03 

10.84 

12.64 

14-45 

16.26 

18.06 

19.87 

21.68 

23.48 

25.29 27.09 

28.90 

Si 

1.859 

J- 7 I 9 

5-578 

7-438 

9.30 

11.16 

13.02 

14.88 

16.73 

18.59 

20.4s 

22.31 

24.17 

26.03 27.89 

29.75 

9 

1.913 

3.82s 

5-738 

7 - 6 so 

9-56 

11.48 

13-39 

15.30 

17.21 

19.13 

21.04 

22.95 

24.86 

26.78 28.69 

30.60 

^4 

1.966 

3.931 

5-897 

7.863 

9-83 

11.79 

13.76 

15-73 

17.69 

19.66 

21.62 

23.59 

25-55 

27.32 29.48 

31-45 


2.019 

4.038 

6.056 

8.075 

10.09 

12.11 

14.13 

16.15 

18.17 

20.19 

22.21 

24.23 

26.24 

28.26 30.28 

32.30 

91 

2.072 

4-144 

6.216 

8.288 

10.36! 12.41 

14.50 

16.58 

18.65 

20.72 

22.79 

24.86 

26.93 

29.01 31.08 

33-15 

lO 

2.125 

4 . 2 SO 

6-375 

8.500 

10.63 

12.75 

14.88 

17.00 

19.13 

21.25 

23-38,25.50 

27.63 

29.75 31-88 

34.00 

io 4 

2.178 

4.356 

6.534 

8.713 

10.89 

13.07 

15.25 

17-43 

19.60 

21.78 

23.96 

26.14 

28.32 

30.49 

32.67 

34-85 

io| 

2.231 

4-463 

6.694 

8.92s 

II. 16 

13-39 

15-62 

17-85 

20.08 

22.31 

24-54 

26.78 

29.01 

31.24 

33-47 

35-70 

loi 

2.284 

4-569 

6.853 

9.138 

11.42 

13-71 

15-99 

18.28 

20.56 

22.84 

25-13 

27.41 

29.70 

31.98 

34-27 

36.5s 

11 

00 

4-675 

7-013 

9-350 

11.^ 

14.03 

16.36 

18.70 

21.04 

00 

25.71 

28.05 

30.39 

32-73 

3 S-o 6 

37.40 

ii 4 

2.391 

4.781 

7.172 

9.563 

11.95 

H -34 

16.73 

19.13 

21.52 

23.91 

26.30 

28.69 

31.08 

33-47 

35.86 

38.25 

1 

i -444 

4.888 

7.331 

9-775 

12.22 

14.66 

17.11 

19.55 

21.99 

24-44 

26.88 

29-33 

31.77 

34-21 

36.66 

39.10 

III 

2.497 

4-994 

7.491 

9-988 

12.48 

14.98 

17.48 

19.98 

22.47 

24-97 

27-47 

29.96 

32.46 

34 - 9 « 

37-45 

39-95 

Ljl- 

2.550 

15.100 

7.650 

) 10.20 

12.75 

15.30 

17.85 

20.40 

22.95 

25.50 

28.05 

30.6c 

' 33 ->S 

3 S- 7 G 

38.2s 

40.80 
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TABLE 2. — Continued. 

Weights of Steel Bars and Plates. 


Pounds per Lineal Foot. 
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Weights of Steel Bars and Plates. 
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TABLE 3. 

Moments of Inertia of Plates, Axis i-i. 




■ 



Moments of Inertia 

1 ._ 

■ 

1 

About 

of One Plate. 


■ 


Axis x>x. 






Thickness of Plate 

in Inches. 





I 

A 

1 

A 

k 

A 

f 

U 

1 

H 

i 

H 

X 

2.6 

3-3 

3-9 

4.6 

5-2 

5-9 

6-5 

7.2 

7.8 

8.5 

9-1 

9-8 

10.4 

45 

5.6 

6.8 

7-9 

9-0 

10. 1 

II.3 

12.4 

*3-5 

14.6 

15-8 

16.9 

18.0 

7-1 

8.9 

10.7 

12.5 

14-3 

16.1 

*7-9 

19.6 

21.4 

23.2 

25.0 

26.8 

28.6 

10.7 

13.3 

16.0 

18.7 

21.3 

24.0 

26.7 

29.3 

32.0 

34-7 

37-3 

40.0 

42.7 

IS.2 

19.0 

22.8 

26.6 

30.4 

34-2 

38.0 

41.8 

45-6 

49-4 

53-2 

57-0 

60.7 

20.8 

26.0 

31.3 

36.5 

41.7 

46-9 

52.1 

57 3 

62.5 

67-7 

72.9 

78.1 

83.3 

277 

34-7 

41.6 

48.5 

55-5 

62.4 

69-3 

76.3 

83.2 

90.1 

97.0 

104.0 

I 10.9 

36.0 

45.0 

54.0 

63.0 

72.0 

81.0 

90.0 

99.0 

108.0 

1 17.0 

126.0 

135.0 

144.0 

45-8 

57-2 

68.7 

80.1 

91-5 

103.0 

1*4.4 

125.9 

*37-3 

148.8 

160.2 

171.6 

*83.1 

57-2 

71-5 

85.8 

100.0 

II4.3 

128.6 

142.9 

157.2 

*71.5 

185.8 

200.1 

2*4.4 

228.7 

70.3 

87.9 

105.5 

123.0 

140.6 

158.2 

175.8 

*93-4 

210.9 

228.5 

246.1 

263.7 

281.2 

85.3 

106.7 

128.0 

149-3 

170.7 

192.0 

2*3-3 

234-7 

256.0 

277-3 

298.7 

320.0 

34*-3 

102.4 

127.9 

153-5 

1 79.1 

204.7 

230.3 

255-9 

281.5 

307.1 

332.7 

358.2 

383.8 

409-4 

121.5 

151.9 

182.3 

212.6 

243.0 

273-4 

303.8 

334-* 

364-5 

394-9 

425-3 

455-6 

486.0 

142.9 

178.6 

214.3 

250.1 

285.8 

321.5 

357-2 

393-0 

428.7 

464.4 

500.1 

535-9 

571.6 

166.7 

208.3 

250.0 

291.7 

333-3 

375-0 

4^6.7 

458.3 

500.0 

541-7 

583-3 

625.0 

666.7 

192.9 

241.2 

289.4 

337-6 

385-9 

434 * 

482.3 

530.6 

578.8 

627.0 

675-3 

723-5 

77*-7 

221.8 

277-3 

332.7 

388.2 

443-7 

499.1 

554-6 

610.0 

665.5 

721.0 

776-4 

831-9 

887.3 

*53-5 

316.9 

380.2 

443-6 

507.0 

570.3 

633-7 

697- • 

760.4 

823.8 

887.2 

950-6 

*013-9 

288.0 

360.0 

432-0 

504.0 

576.0 

648.0 

720.0 

792.0 

864.0 

936.0 

1008.0 

I 

1080.0 

i 

1*52.0 

325 5 i 

406.9 

' 488.3 

569-7 

651.0 

732 . 4 ] 

813.8 

895.2 

976.6 

1057.9 

*139-3 

j 1220.7 

1302. 1 

366.2 

457-7 

549-3 

640.8 

732-3 

823.9 

9*5-4 

1007.0 

1098.5 

1 190.0 

I1281.6 

*373-* 

*464.7 

410.1 1 

512.6 

615.1 

717.6 

820.1 

922.6 

1025.2 

1 127.7 

1230.2 

1332.7 

*435-2 *537-7 

1640.3 

457-3 

571-7 

686.0 

800.3 

9*4-7 

1029.0 

**43-3 

*257-7 

*372.0 

1486.3 

1600.7 

*7*5-0 

*829.3 

508. 1 

635-1 

762.2 

889.2 

1016.2 

*143.2 

1270.3 

*397-3 

*524.3 

1651.3 

00 

1905.4 

2032.4 

562.5 

703.1 

843.8 

984-4 

1125.0 

1265.6 

*406.3 

1546.9 

1687.5 

1828.1 

1968.8 

2109.4 

2250.0 

620.6 j 

775-8 

931.0 

1086. I 

*241-3 

•396.5 

*551.6 

1706.8 

1861.9 

2017.1 

2172.3 

2327-4 

2482.6 

682.7 

853-3 

1024.0 

1194-7 

•365-3 

1536.0 

1706.7 

1877.3 

2048.0 

2218.7 

2389.3 

2560.0 

2730.7 

748 7 

935-9 

1123.0 

1310.2 

•497-4 

1684.5 

1871.7 

2058.9 

2246. 1 

2433.2 

2620.4 

2807.6 

2994.8 

818.8 

1023.5 

1228.2 

H33-0 

•637-7 

1842.4 

2047.1 

2251.8 

*456.5 

2661.2 

2865.9 

3070.6 

3275-3 

893.2 

1116.5 

1339.8 

1563.2 

1786.5 

2009.8 

2233.1 

2456.4 ; 

*679-7 

2903.0 

3126.3 

3349-6 

3572.9 

972.0 

I2I5.O 

1458.0 

1 701.0 

•944.0 

2187.0 

2430.0 

2673.0 

2916.0 

3*59-0 

3402.0 

3645-0 

3888.0 

1055.3 

I3I9.I 

1582.9 

1846.7 

21 10.5 

2374-4 

2638.2 

2902.0 

3165.8 

34*9-6 

3693-4 

3957-3 

4221.1 

1143. 2 

1429.0 

1714-7 

2000.5 

2286.3 

2572.1 

2857.9 

3^43-7 

3429-5 

37*5-3 

4001. 1 

4286.Q 

4572.7 

1235.8 

1544.8 

1853.7 

2162.7 

2471.6 

2780.6 

3089.5 

3.398.5 

3707-4 

4016.4 

4325-3 

4634-3 

4943-2 

1333-3 

1666.7 

2000.0 

2333-3 

2666.7 

3000.0 

3333-3 

3666.7 

4000.0 

4333-3 j 

4666.7 

5000.0 

5333-3 

1435-9 

1794-8 

2153.8 

2512.7 

2871.7 

3230.7 

3589-6 

3948.6 

4307-6 

4666.5 1 

5025-5 

5384-s 

5743-4 

XS43-S 

1929-4 

2315.3 

2701.1 

3087.0 

3472.9 

3858.8 

4244.6 

4630.5 

5016.4 

5402.3 

S788.2 

6174.0 

1656.4 

Z070.5 

2484.6 

2898.7 

3312.8 

37 * 6.9 

4141.0 

4555-0 

4969.2 

5383-3 

5797-4 

6211.5 

6625.6 

1774-7 

i2i8.3 

2662.0 

3105-7 

3549-3 

3993-0 

4436.7 

4880.3 

5324-0 

5767.7 6211.3 

6655.0 

7098.7 
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TABLE 3. — Continued, 


Moments of Inertia of Plates, Axis i-i. 




Moments of Inertia 
of One Plate. 


-J 

I 

'k 

1 

1 


About 

Axis i-t. 



5 * 

■s^ 





Thickness of Plate 

n Inches. 




T3 O 

1 

A 


A 


A 


1 

u 

i u 

S 


I 


1893 

2373 

2848 

3322 

3797 

4271 


t 746 

5221 

5695 6170 

6645 

7119 

7594 

46 

2028 

2535 

3042 

3549 

4056 

4563 


•070 

5577 

6083 6590 

7097 

7604 

8111 

47 

2163 

270^ 

3244 

3785 

4326 

4867 


;407 

5948 

6489 7030 

7570 

8111 

8652 

48 

2304 

2880 

3456 

4032 

4608 

5184 


1760 

6336 

6912 7488 

8064 

8640 

9216 

49 

2451 

3064 

3677 

4289 

4902 

55*5 


H28 

6740 

7353 7966 

8579 

9 * 9 * 

9804 

so 

2604 

32';5 

3906 

4557 

5208 

5859 

i 

>510 

7161 

7812 8464 

9**5 

9766 

10417 

52 

2929 

3662 

4394 

5126 

5859 

6591 

> 

^323 

8056 

8788 9520 

10253 

10985 

** 7*7 

54 

3280 

4101 

4921 

57 M 

6561 

7381 

J 

\ioi 

9021 

98411 10^2 

11482 

12302 

13122 

56 

3659 

4573 

5388 

6P3 

73*7 

8232 

c 

M 47 

10061 

10976 11891 

12805 

13720 

14635 

S8 

406s 

5081 

6097 

7**3 

8130 

9146 

10162 

11178 

I2I94 I32II 

*4227 

15243 

16259 

60 

4500 

5625 

6750 

7875 

9000 

10125 

11250 

*2375 

13500 14625 

*5750 

1687s 

18000 

62 

4965 

6206 

741-8 

8689 

9^)30 

11172 

*24*3 

13654 

14895 *6137 

17378 

1861^ 

19861 

64 

5461 

6827 

8192 

9557 

10923 

12288 

r 

1653 

150*9 

16384 17749 

* 9**5 

20480 

2*845 

66 

5989 

7487 

8983 

104S2 

11979 

13476 

*4974 

16471 

17968, 19466 

20963 

22461 

23958 

68 

6551 

8188 

9826 

11464 

13101 

*4739 

16377 

18014 

19652! 21290 

22927 

24565 

26203 

70 

7145 

8932 

10719 

*2503 

14292 

16078 

17865 

19651 

21437! 23224 

25010 

* 26797 

28583 

72 

7776 

9720 

11664 

13608 

15552 

17496 

19440 

213S4 

233281 25272 

27216 

29160 

31104 

74 

8442 

I 05 S 3 

12663 

*4774 

16884 

18995 

21*05 

23216 

25326; 27437 

29548 

31658 

33769 

76 

9*45 

11432 

13718 

16004 

18291 

20577 

22863 

25150 

27436 29722 

32009 

I 3429s 

36581 

78 

9886 

12358 

14830 

*7301 

*9773 

22245 

24716 

27188 

29659 3213I 

34603 

37074 

39546 

80 

10667 

13333 

16000 

18667 

21333 

24000 

26667 

29333 

32000 34667 

37333 

40000 

42667 

82 

11487 

14359 

17230 

20102 

22974 

25845 

28717 

31589 

34460 37332 

40204 

43076 

45947 

84 

12348 

15435 

18522 

21609 

24696 

27783 

30870 

33957 

37044 40131 

43218 

; 46305 

49392 

86 

13251 

16564 

19877 

23190 

26502 

29815 

33128 

36441 

39753 43066 

46379 

49692 

53005 

88 

I4I97 

17747 

21296 

24845 

28395 

3«944 

35493 

39043 

42592 46141 

49691 

53240 

56789 

90 

15187 

18984 

22781 

I 26578 

3037s 

34»72 

37969 

41766 

45562 49359 

53156 

56953 

60750 

92 

16223 

20278 

24334 

28390 

32445 

36501 

40557 

44612 

48668 52724 

56779 

6083 s 

64891 

94 

17304 

21630 

25956 

30282 

34608 

38934 

43260 

47586 

51911 56237 

60563 

64889 

69215 

96 

18432 

1 23040 

27648 

32256 

36864 

41472 

46080 

50688 

55296 59904 

64512 

69120 

73728 

98 

19608 

24510 

29412 

343*4 

39216 

44118 

49020 

53922 

58824 63727 

68629 

7353 * 

78433 

100 

20833 

26042 

31250 

36458 

41667 

46875 

52083 

57292 

62500 67708 

729*7 

78*25 

83333 

102 

22108 

27636 

33163 

386^ 

442*7 

49744 

5527* 

60798 

66325 7*853 

77380 

82907 

88434 

104 

2343s 

29293 

35152 

41011 

46869 

52728 

58587 

64445 

70304 76163 

, 82021 

87880 

93739 

106 

24813 

31016 

37219 

43422 

49626 

55829 

62032 

68235 

74438, 80642 

86845 

93048 

9925* 

108 

26244 

32805 

39366 

45927 

52488 

59049 

65610 

72171 

78732 85293 

91854 

98415 

104976 

110 

27729 

34661 

4*594 

48526 

55458 

62391 

69323 

7625s 

83187! 90120 

97052 

103984 

110917 

112 

29269 

36587 

43904 

51221 

58539 

65856 

73*73 

80491 

87808 95125 

*02443 

109760 

**7077 

II4 

30865 

38582 

46298 

540*5 

6*731 

69447 

77164 

84880 

92596 100313 108029 

115746 

123462 

116 

32519 

40648 

48778 

56908 

65037 

73167 

81297 

89426 

97556 105686 113815 

121945 

13007s 

II8 

34230 

42787 

5*345 

59902 

68460 

77017 

85575 

94*32 

102689 111247 119804 

128362 

136919 

120 

36000 

45000 

54000 

63000 

72000 

81000 

90000 

99000 

108000 117000 126000 

135000 

144000 
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TABLE S. 

Moments of Inertia of Two Plates One Inch Wide, Axis X~X. 


X 


Moments of Inertia 

X 

^ i 

For Distances 

of Two Plates 



Measured 

One Inch Wide, 



from 

Axis X-X. 


1 

X . 

Inside to Inside 




d 

Thickness of Plate in Inches. 

Ins. 

i 

A 

1 

A 


A 


ik 

i 

fi 

i 


I 

k 

5 , 

3-4 

44 

S -4 

6.5 

7.6 

8.7 

9-9 

11.2 

12.5 

13.8 

15.2 

16.6 

18.2 

1.6 

si 

3.8 

4.8 

5-9 

71 

8.3 

9-5 

10.8 

12.2 

13.6 

15.0 

16.5 

18.1 

19.7 

1.8 

s| 

4-1 

5-3 

6.5 

77 

9.0 

10.4 

1 1.8 

13.2 

14.7 

16.3 

17.9 

19.6 

21.3 

2.0 

si 

4-5 

5-7 

7.0 

8.4 

9.8 

11.2 

12.7 

14.3 

15-9 

17.6 

19.3 

21. 1 

22.9 

2.2 

6 

4-9 

6.2 

7.6 

9.1 

10.6 

12. 1 

13-8 

15.4 

17.2 

18.9 

20.7 

22.7 

24.7 

2.3 

6 i 

5-3 

6.7 

8.2 

9.8 

11.4 

13. 1 

14.8 

16.6 

18.5 

20.4 

22.3 

24.4 

26.5 

2.5 

6i 

5-7 

7.3 

8.9 

10.5 

12.3 

14.1 

15.9 

17.8 

19.8 

21.8 

23.9 

26.1 

28.3 

2.7 

6 i 

6.1 

7.8 

9-5 

11.3 

13.2 

IS-I 

17.0 

19.1 

21.2 

23.3 

25-5 

27.8 

30.2 

3-0 

7 , 

6.6 

8.4 

10.2 

12. 1 

14.1 

16. 1 

18.2 

20.4 

22.6 

24.9 

27.2 

29.7 

32.2 

3.2 

7 i 

7.0 

8.9 

10.9 

12.9 

15.0 

17.2 

19.4 

21.7 

24.1 

26.5 

29.0 

31.6 

34.2 

3-4 

7 i 

7-5 

9-5 

1 1.6 

13.8 

16.0 

18.3 

20.7 

23.1 

25.6 

28.2 

30.8 

33-5 

36.3 

3.6 

7 i 

8.0 

10.2 

12.4 

147 

17.0 

19 s 

22.0 

24.5 

27.2 

29.9 

32.7 

35-5 

38.4 

3-9 

8 

8.S 

10.8 

13.2 

15.6 

18.1 

20.6 

23-3 

26.0 

28.8 

31.6 

34.6 

, 37-6 

40.7 

4.1 

8i 

9.0 

ii.S 

14.0 

16.5 

19.2 

21.9 

247 

27.5 

30.5 

33-5 

36.5 

39-7 

43-0 

4-4 

l\ 

9.6 

12. 1 

14.8 

I 7 -S 

20.3 

23.1 

26.1 

29.1 

32.2 

35-3 

38.6 

41.9 

45-3 

4.6 


lO.I 

12.8 

15.6 

18.S 

21.4 

24.4 

27.5 

30.7 

33-9 

37-2 

40.6 

44.1 

• 477 

4-9 

9 , 

10.7 

13.6 

16.5 

195 

22.6 

257 

29.0 

32.3 

357 

39.2 

42.8 

46.4 

50.2 

5-2 

9 i 

11.3 

14.3 

174 

20.5 

23.8 

27.1 

30.5 

34.0 

37.6 

41.2 

45.0 

48.8 

52-7 

5*5 

9 i 

11,9 

15.0 

18.3 

21.6 

25.0 

28.5 

32.1 

357 

39-5 

43-3 

47.2 

51.2 

55-3 

S.8 

9 i 

12.5 

15.8 

19.2 

22.7 

26.3 

29.9 

337 

37-5 

41.4 

45-4 

49-5 

53-7 

57-9 

6.1 

lO 

13. 1 

16.6 

20.2 

23.8 

27.6 

314 

35-3 

39-3 

43-4 

47.6 

SI -9 

56.2 

60.7 

6.4 

loi 

13.8 

17.4 

21,2 

25.0 

28.9 

32.9 

370 

41.2 

45-5 

49.8 

54-3 

58.8 

63.5 

6.7 

lo} 

HS 1 

18.3 

22.2 

26.2 

30-3 i 

34-5 

38.7 

431 

47-5 

52.1 

56.7 

61.5 

66.3 

7-1 

loi 

15.1 

19.1 

23.2 

27.4 

317 

36.0 

40.5 

45.0 

497 

54-4 

59.2 

64.2 

69.2 

7-4 

II 

IS.8 

20.0 

24.3 

28.6 

33.1 

37.6 

42.3 

47.0 

51.9 

56.8 

61.8 

66.9 

72.2 

7-7 


16.S 

20.9 

25.4 

29.9 

34-5 

39-3 

44.1 ' 

49.0 

54.1 

59-2 

64.4 

69.8 

75-2 

8.1 

Ili 

17.3 

21.8 

26.5 

31.2 

36.0 

40.9 

46.0 

51. 1 

! 56.4 

61.7 

67.1 

72.7 

78.3 

8-4 

Hi 

18.0 

22.7 

27 6 

32.5 

37.5 

427 

47-9 

53-2 

1 587 

64.2 

69.8 

75 -^> 

81.4 

8.8 

12 

18.8 

23.7 

28.7 

33.9 

39.1 

44.2 

1 49.8 

55-4 

61.0 

66.8 

72.6 

76.8 

84-7 

9.2 

I2l 

19 s 

247 

! 29.9 

35-2 

40.7 

46.2 

51.8 

57.6 

I 63.5 

69.4 

75-5 

81.7 

88.0 

9.6 

Hi 

20.3 

257 

31.1 

36.6 

42.3 

48.0 

53-9 

59-8 

65.9 

72.1 

78.4 

84.8 

91.3 

1 0.0 

i2i 

21. 1 

26.7 

32.3 

38.1 

43-9 

49-9 

55-9 

62.1 

68.4 

74.8 

81.3 

88.0 

94-7 

10.4 


21.9 

277 

33.6 

39-5 

45.6 

51.8 

58.1 

' <54.5 

71.0 

77.6 

84.3 

91.2 

1 98.2 

10.8 

i 3 i 

22.8 

28.8 

34.8 

41.0 

; 47-3 

537 

60.2 

66.8 

73.6 

80.4 

87.4 

94-5 

101.7 

II. 2 

i 3 i 

23.6 

29.8 

36.1 

42.5 

! 49.0 

55.6 

62.4 

^■3 

76.2 

83.3 

90.5 

97.8 

105.3 

1 1.6 

i 3 i 

24.5 

30.9 

374 

44.0 

50.8 

57-6 

64.6 

, 717 

78.9 

86.2 

93-7 

101.3 

108.9 

12.0 


25.4 

32.0 

38.8 

45.6 

52.6 

597 

66.9 

74-2 

81.7 

89.2 

96.9 

104.7 

112.7 

12.5 

Hi 

26.3 

33-1 

40.1 

47.2 

54-4 

61.7 

69.2 

76.8 

84.5 

92.3 

100.2 

108.3 

116.5 

12.9 

h\ 

27.2 

34-3 

41-5 

48.8 

56.3 

6^.8 

71.5 

79-4 

873 

95.3 

103-5 

1 1 1.9 

120.3 

13-4 

Hi 

28.1 

35-5 

42.9 

50-5 

58.2 

66.0 

73-9 

82.0 

90.2 

98.4 

106.9 

115.5 

124.2 

13.8 

15 , 

29.1 

36.7 

44*3 

S2.I 

60.1 

68.1 

76.3 

84.7 

931 

101.7 

1 10.4 

1 19.2 

128.2 

14.3 


30.0 

37-9 

45.8 

53*9 

62*0 

70.4 

78.8 

87.4 

96.1 

104.9 

H 3-9 

123.0 

132.2 

14.8 


31.0 

39.1 

47-3 

55.6 

64.0 

72.6 

81.3 

90.1 

99.1 

108.2 

117.4 

126.8 

136.3 

15*3 

iiL 

32.0 

40.3 

48.7 

573 

66.0 

74 9 

83.8 

92.9 

102.2 

111.5 

121.0 

1 130.7 

140.4 

1 15*7 


For Moment of Inertia, deducting for rivet holes, multiply tabular value by net width. 
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TABLE 5 . — Continued, 

Moments of Inertia of Two Plates One Inch Wide, Axis X-X. 


T 


Moments of Inertia 
of Two Plates 


4 

For Distances 
Measured 

One Inch Wide, 



from 

Axis X-X. 


X. 

Inside to Inside 




Thickness of Plate in Inches. 


Ins. 

k 

A 

i 

A 

i 

A 

I 

a 

i 

a 

1 

a 

I 

h 

l6 

33*0 

41.6 

50.2 

59.1 

68.1 

77.2 

86.4 

• 95-8 

105.3 

1 14.9 

124.7 

134.6 

144*7 

16.2 

i6i 

34.0 

42.9 

51.8 

60.9 

70.2 

79.5 

89.0 

98.7 

108.5 

118.4 

128.4 

138.6 

149.0 

16.8 

i 61 

35*1 

44.2 

53*4 

62.8 

72.3 

81.9 

91.7 

101.6 

III. 7 

1 2 1. 9 

132.2 

142.7 

153.3 

17*3 

i6i 

36.1 

45*5 

55*0 

64.6 

74.4 

84-3 

94-4 

104.6 

114*9 

125.4 

136.0 

146.8 

157*7 

17-8 

i8l 

42.8 

53-9 

65.1 

76.4 

87.9 

99.6 

II 1.4 

123.3 

135.5 

147.7 

I6O.I 

172.7 

185-5 

21. 1 

iSif 

43*9 

55*3 

66.8 

78.5 

90.3 

102.2 

114.3 

126.6 

139.0 

151.6 

164..^ 

177.2 

190.3 

21.7 

20;; 

52.5 

66.1 

79.8 

93.6 

107.7 

121.9 

136.2 

150.8 


180.3 

195.4 

210.6 

226.0 

26.0 

20! f 

53-8 

67.7 

81.7 

95-9 

1 10.3 

124.8 

139.5 

154.4 

IC9.4 

184.6 

200.0 

215.6 

231.3 

26.6 

22;; 

63.3 

79.6 

96.0 

1 12.6 

129.4 

146.4 

163.6 

180.9 

198.5 

216.2 

234.1 

252,2 

270.5 

31.3 

22! 1 

64.7 

81.3 

98.1 

115.1 

132.3 

149.6 

167.2 

184.9 

202.8 

220.9 

239.2 

257.6 

276.3 

32.0 


75*0 

94*3 

113*7 

133.3 

153.2 

173.2 

193.4 

213. R 

234.5 

255.3 

276.3 

297.5 

319.0 

37*1 

24J 

76.6 

96.2 

1 16.0 

136.0 

156.3 

176.7 

197.3 

218.1 

239.2 

260.4 

281.8 

303*5 

325.3 

37*9 

26: 

87.8 

1 10.3 

132,9 

155.8 

178.9 

202.2 

225.8 

249.5 

273.5 

297.6 

322.0 

346.6 

371.5 

43.5 

26 i 

89.4 

112.3 

135.4 

158.7 

182.3 

206.0 

230.0 

254.1 

278.5 

303.1 

328.0 

353.0 

378-3 

44*3 

28i; 

101.5 

127.5 

153.7 

180.0 

206.7 

233.5 

260.6 

287.9 

315-5 

343.2 

371.2 

399.5 

428.0 

50.3 

28; 

103,3 

129.7 

156.3 

183.2 

210.3 

237.6 

265.1 

292.9 

320.9 

349.2 

377-6 

406.3 

435-3 

51*2 

30:: 

116.3 

146.0 

175*9 

206.0 

236.4 

267.1 

297.9 

329.1 

360-5 

392.1 

424.0 

456.1 

488.5 

57.7 


118.2 

148.4 

178.7 

209.4 

240.3 

271 4 

302.8 

334*4 

3 ' 6.3 

3 . 8 -» 

430.8 

463-4 

496.3 

58.6 

32 i 

132.0 

165.7 

199.6 

233-8 

268.2 

302.8 

337-8 

373.0 

40S.5 

444.2 

480.2 

516.4 

553.0 

65.5 

32 i 

134.1 

168.2 

202.7 

237.3 

272.3 

307*5 

342*9 

378-7 

414*7 

450.9 

487.4 

524.2 

561-3 

66.5 

34 ^: 

148.8 

186.7 

224.0 

263.2 

301.9 

340.9 

380.1 

419.6 

459-5 

499.5 

539-9 

580.5 

621.5 

73.9 

34 i 

150.9 

189.4 

228.1 

267.0 

306.3 

345-8 

385*6 

425.7 

466.0 

5o6).7 

547-6 

588.8 

630.3 

74*9 

36 i 

166.5 i 

208.9 

251.5 

294.5 

337.7 

381.2 

425*0 

469.1 

513 . 5 

558.1 

603.1 

i 648.3 

694.0 

82.7 

36I 

168.8 

211.7 

255*0 

298.5 

342.3 

386.4 

430.7 

475 *41 

520.4 

565.7 

611.2 

657.1 

703*3 

83.8 

38 i 

>85-3 

232.4 

279*7 

327.4 

375*4 

423*7 

472.3 

521.2 

570.5 

620.0 

669.8 

720.0 

770.5 

92.0 

38; 

187.7 

235.4 

283.4 

331.7 

380.3 

429.2 

4784 

527.0 

577.8 

627.9 

678.4 

729.2 

780.3 

93*2 

40 : 

205.0 

257.1 

309*5 

362.2 

415,2 

468.5 

522.2 

576.1 

630.5 

685.1 

740.1 

795*3 

851.0 

101.9 

40! 

207.6 

260.3 

313*3 

366,6 

420.3 

474*3 

528.6 

583*2, 

638.2 

693*4 

749.1 

805.0 

861.3 

ji 03 -i 

A2 

00 

283.1 

340.7 

398.6 

456.9 

515*5 

574.5 

633.^ 

^93.5 

753-4 

813.8 

874.4 

935*5 

j 1 12,2 


228.4 

2864 

344*7 

403.3 

462.3 

521.6 

581,2 

641.2 

701.5 

762.2 

823.2 

1 884.6 

946.3 

113.6 

44 : 

247.5 

310.3 

373.4 

436.9 

500.7 

564.8 

629.4 

694.2 

759.5 

825.0 

891.0 

957.3 

1024.0 

123.1 

44 ! 

250.3 

313.8 

377*6 

441*7 

506,3 

571.1 

636.4 

702.0 

767.9 

834.2 

900.9 

967.9 

1035.3 

124.6 


270.3 

338.8 

407.6 

476.8 

546.4 

616.4 

686.7 

757.4 

828.5 

899.9 

971.7 

'1043.9 

1116.5 

134*4 

46J 

273.2 

3424 

412.0 

481.9 

552.3 

623.0 

694.0 

765*5 

837*3 

909.5 

982.0 

1 1055.0 

1128.3 

135*9 


294.0 

368.5 

443.4 

518.6 

594*2 

670.2 

746.5 

823.3 

900.5 

978.0 

1055.9 

1134.3 

1 2 1 3 .0 

146.3 

48J 

297.1 

372.3 

447*9 

523*9 

600.3 

677.0 

754*2 

831.7 

909.7 

988.0 

1066.7 1 I 145.8 

1225.3 

147.8 

soi 

318.8 

399.5 

480.6 

562.0 

643*9 

726.2 

808.9 

892.0 

975.5 

1059.4 

1143-6 

1228.4 

1313 s 

158.6 

50J 

321.9 

403*4 

485*3 

567.6 

650.3 

733-4 

816.8 

900.7 

985.0 

1069.7 

1154.8 

1240.4 

1326.3 

160.2 


344*5 

431.7 

519*3 

607.3 

695.7 

784.5 

873.7 

963.4 

1053*5 

1144.0 

1234.9 

1326.2 

1418.0 

171*5 

S2i 

347-8 

435*8 

524.2 

613.0 

702.3 

791.9 

882.0 

972.5 

1063.4 

1154.7 1246.5 

1338-7 

1431.3 

173*1 

54 

371*3 

465.2 

559*5 

654-3 

749.4 

845.0 

941. 1 

1037.5 

1 134.5 

1231.811329.6 11427.8 

1526.5 

184.8 

54 

374*7 

469.4 

564.6 

660.2 

756.3 

852.7 

949.7 

1047.0 

1144.8 

i243.o;i34i.7 '1440.8 

11540-3 

186.5 

56 

399.0 

499*9 

601.2 

703,0 

805.2 

907.8 

1010.9 

1114.5 

1218.5 

1322.9 1427.8 1533.2 ji639.o 

198.6 

56J 

402.6 

S04.3 

606.5 

709.2 

812.3 

915-8 

11019.8 1124.3 

1229.2 

«334-5'i440-3 11546-611653.3 

200.4 


For Moment of Inertia, deducting for rivet holes, multiply tabular value by net width. 
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TABLE 5. — Continued , 

Moments of Inertia of Two Plates One Inch Wide, Axis X-X. 


Moments of Inertia 
o« Two Plates 
One Inch Wide, 
Axis X-X. 


Thickness of Plate in Inches. 


For Distances 
Measured 
from 

Inside to Inside. 


S8i 427.8 535.9 644.4 753.5 862.9 972.9 1083.3 1194.1 1305.5 1417.3 1529.5 1642.3 1755.5 213-0 

58i 431.4! 540.5I 649.9 759.9 870.3 981.1 1092.5 1204.3 1316.5 1429.3 1542.5 1656.1 1770.3 214.8 

6oi 427.5I 573-ii 689.2 805.7 922.7 1040.11158. 1 1276.5 1395.5 1514.9 1634.7 1755. 1 1876.0227.8 

6oj 461.3 577.81 694.8 812.3 930.3|I048.7 1167.6 1287.0 1406.9 1527.3 1648.1 1769.5 1891.3 229.7 

62! 488.3! 611.6: 735.4 859.7 984-41109.71235.41361.71488.51615.71743.5 1871.7 20005 243.2 

62i 492.2I 616.5 741-2 866.5 992.31118.51245.3 1372.5 1500.3 1628.5 1757.3 1886.5 ’2016.3 245.1 

6 \i 520.0 651.3 783.1 915.4 i048.2'ii8i. 5 1315. 3 I449-6|i584. 5 1719.8 1855.7 1992. 1 '2129.0 259.0 

64i 524.1 656.4 789.1 922.41056.311190.61325.41460.81596.71733.01869.9 2007.4 2145.3 261.0 

66i 552.81 692.3 832.3 972.9 III3-9 1255.5 1397 6 1540.311683.5 1827.2 1971.4 2116.2 2261.5 275.4 

66i 556.91 697.5 838.6; 980.1 1 1 22.3 1264.9 1408.1 1551.8 1696.0 1840.8 1986.1 2131.9 2278.3 277.4 

68i 586.51 734-S 883.01032.1 1181.7 1331.8 1482.5 1633.71785.5 1937.82090.6 2244.0 2398.0 292.2 
68i 590.8 739.9 889.5. 1039.6 1 190.3 1341-511493-2 I 45-6 1798.4 19s ‘-8 2105.7 2260.2 2415.3 294.3 

7oi 621.3 778.0 935. 3I1093. 1 1251.4 1410.31569.8 1729.9 1890.5 2051.6 2213.3 2375.6 2538.5 309.6 

70} 625.7 783.5 9II-91100.8 1260.3 1420.3 1580.9 1742.1 1903.82066.1 2228.9 2392.3 2556.3 311.7 

72i 657.0 822.8 939 .o'ii 55. 8 1323.2 I49i.i'i659.7 1828.8,1998.52168.72339.6 2511.0 2683.0 327.4 

72! 661.6 828.4 995.8 1163.7 1332.3 1501.4 16/1. 1 1841.3 2012.2 2183.6 2355.5 2528.1 2701.3 329.6 

74i 698.4 874.5 1051-2 1228.4 H06.3 1584-7 *763.7 *943-3|2I23.5 2304.3 2485.7 2667.7 2850.3 348.0 

76J 736.3 921.9 1 108. 1 129^.9 1482.3 1670.3 1858.9 2048.1 2237.92428.3 2619.4 281 i.o 3003.3 367.0 

78i 775-2 970-5 **^-5 *363-* *560.3 1758.1 1956.5 2155-62355.3 2555.62756.5 2958.1 3160.3 386.4 

80J 815. 1 1020.4 1226.4 1433.0 1640.3 1848.2 2056.7 2265.9 2475.7 2686.1 2897.2 3108.9 3321.3 406.3 

82J 855.9 1071.6 1287.8 150 .7 1722.3 1940.5 2159.3 2378.92599.02819.93041.3 3263.5 3486.3 426.7 
84I 897.8 1 123.9' 1350.7 1578.1 1806.3I2035.0 2264.5 2494.62725.42956.93189.0 3421.8 3655.3 447.6 
86j 940.7 1177.6 1415. 1 1653.3 1892.3 2131.9 2372.1 2613.1 2854.8 3097.1 3340.1 3583.9 3828.3 469.0 

88J 984.6 1232.5 1481.0 1730.3 1980.3 2230.9 2482.3 2734.4 2987.2 3240.6 3494-8 3749.7 4005.3 490.9 

90J 1029.4 *288.6 1548.4 1809.0 2070.3 2332.3 2595.0 2858.4 3*22.5 3387-4 3653-0 39*9-3 4*86.3 513.3 

921*075-3 1346.0 1617.4 1889.4 2162.3 2435.82710.1 2985.23260.93537.43814.6 4092.6 4371.3 536.2 
94i 1122.2 1404.6 1687.7 1971.6 2256.3 2541,6 2827.8 3114.7 3402.3 36^.7 3979-8 4269.7 4560.3 559.6 

96J 1170.1 1464.5 1759-6 2055.6 2352.3 2649.7 2947.9 3246.9 3546.7 3847.2 4*48.4 4450.5 4753.3 583.5 

98J 1218.9 1525.6 1833.02141.3 2450.3 2760.03070.6 3381.93694.04006.94320.6 4635.0 4950.3 607.9 
ioo||i268.8|i588.o 1908.0 2228.7 2550.3 2872.63195.73519.73844.44169.94496.2 4823.4 5151.3 632.8 
i02i 1319.7 1651.6 1984.4 2317.9 2652.3 2987.4 3323.4 3660.2 3997.8 4336.2 4675.4 5015.4 5356.3 658.2 

I04i 1371.6 1716.5 2062.3 2408.8 2756.3 3104.5 3453.6 3803.5 4154.2 4505.74858.0 5211.3 5565.3 684.1 

io6i 1424.4 1782.7 2141.7 2501.5 2862.3 3223.8 3586.2 3949-5 43*3-5 4678.5 5044-2 54*0.8 5778.3 710.5 

108J 1478.3 1850.0 2222.6 2596.0 2970.3 3345.4 3721.4 4098.2 4475.9 4854.5 5233.9 5614.1 5995.3 737.5 

**o| IS33-2 19*8.7 2305.0 2692.2 3080.3 3469.2 3859.0 4249.7 4641.3 5033.7 5427.0 5821.2 6216.3 764.9 

**2i 1589.1 1988.6 2388.9 2790.1 3*92-3 3595-3 3999-2 4404-04809-7 5216.2 5623.7 6032.0 6441.3 792.8 

iiaJ 1645.9 2059.7 2474.3 2889.8 3306.3 3723.64141.8 4561.04981.0 5402.0 5823.8 6246.6 6670.3 821.2 

116J 1703.8 2132.1 2561.2 2991.3 3422.3 3854-2 4287-0 4720.8 5*55-4 559*-o 6027.5 6464.9 6903.3 850.1 

118J 1762.7 2205.7 2649.6 3094.5 3540.3 3987.04434.6 4883.3 5332.8 5783.3 6234.6 6687.0 7140.3 879.5 

12041 1822.6 2280.6 2739.5 3199.4 3660.3 4122. 1 4584.8 5048.5 5513.2 5978.8I6445.3 6912.8 7381.3 909.4 


For Moment of Inertia, deducting for rivcti, multiply tabular value by net width. 
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TABLE 6. 

Weights and Areas of Square and Round Bars and Circumferences of Rolnd Bars 
One Cubic Foot of Steel Weighing 489.6 lb. 


weight Weight 




Thickness 
or Diam- 
eter in 
Inches. 


.0031 -1963 

.0123 .3927 

.0276 .5890 

.0491 .7854 

.0767 .9817 

.1104 1.1781 
•1503 1-3744 
.1963 1.5708 
.2485 1.7671 
.3068 1.9635 
.3712 2.1598 

.4418 2.3562 
.5185 2.5525 
.6013 2.7489 
.6903 2.94S2 

.7854 3.1416 
.8866 3.3379 
.9940 3 5343 
11075 3-7306 


I Weight Wei^t | Area 


Bar Bar 
One Ft One Ft. 
Long. Long. 



9.0000 

7.0686 

93789 

7.3662 

9.7656 

7.6699 

10.160 

7-9798 

10.563 

8.2958 

10.973 

8.6179 

11.391 

8.9462 

II.8I6 

9.2806 

12.250 

9.6211 

12.691 

9.9678 

13.141 

10.321 

13.598 

10.680 

14.063 

11.04s 

H- 53 S 

11.416 

15.016 

11.793 

15.504 

12.177 

16.000 

12.566 

16.504 

12.962 

17.016 

13.364 

17-535 

13-772 

18.063 

14.186 

18.598 

14.607 

19.141 

15-033 

19.691 

15.466 

20.250 

15-904 

20.816 

,16.349 

21.391 

16.800 

21.973 

17-257 

22.563 

17.721 

23.160 

18.190 

23.766 

18.665 

H -379 

19.147 

25.000 

19.635 

25.629 

20.129 

26.266 

20.629 

26.910 

21.135 

27-563 

21.648 

28.223 

22.166 



29.566 

23.221 

30.250 

23-758 

30.941 

24.301 
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TABLE 6. — Continued. 

Weights and Areas of Square and Round Bars and Circumferences of Round Bars* 
One Cubic Foot of Steel Weighing 489.6 lb. 


Thickness 
or Diam> 
eter in 
Inches. 

Weight 

■ 

. Bar 
One Ft. 
Long. 

Weight, 

One Ft. 
Long. 

Area 

of 

Bar 
in Sq. 
Inches. 

Area 

of 

in Sq. 
Inches. 

Circum- 

ference 

0 

Bar 

in 

Inches. 

Thickness 
or Diam- 
eter in 
Inches. 

Weight 

of 

■ 

Bar 

One Ft. 
Long. 

Wci^t 

• 

Bar 

One Ft. 
Long. 

Area 

of 

Bar 
in Sq. 
Inches. 

Area 

of 

Bar 
in Sq. 
Inches. 

Circum- 

ference 

p 

in 

Inches. 

6 

122.4 

96.14 

36.000 

28.274 

18.850 

9 

275-4 

216.3 

81.000 

63.617 

28.274 

A 

125.0 

98.14 

36-754 

28.866 

19.046 

A 

279-3 

2 * 9-3 

82.129 

64-505 

28.471 

i 

127.6 

100.2 

37-516 

29.465 

19.242 

i 

283.2 

222.4 

83.266 

65.397 

28.667 

A 

130.2 

102.2 

38.285 

30.069 

19-439 

A 

287.0 

225.4 

84.410 

66.296 

28.863 

1 

132.8 

104.3 

39.063 

30.680 

19.635 

i 

2 QO.Q 

228.5 

85-563 

67.201 

29.060 

A 

I35.S 

106.4 

39.848 

31-296 

19.831 

A 

294-9 

231-5 

86.723 

68.112 

29.256 

i 

138.2 

108.5 

40.641 

31-91^ 

20.028 

i 

298.9 

234-7 

87.891 

69.029 

29.452 

A 

140.9 

1 10.7 

41.441 

32-548 

20.224 

A 

302.8 

237-9 

89.066 

69-953 

29.649 

i 

143-6 

112.8 

42.250 

33.183 

20.420 

i 

306.8 

241.0 

90.250 

70.882 

29.845 

A 

146.5 

1 14.9 

43.066 

33-824 

20.617 

A 

310.9 

244.2 

9*441 

71.818 

30.041 

i 

149.2 

II7.2 

43.891 

34-472 

20.813 

S 

3 * 5-0 

247-4 

92.641 

72.760 

30.238 

tt 

152.1 

II9.4 

44723 

35-125 

21.009 

ft 

319.1 

250.6 

93.848 

73-708 

30-434 

i 

154.9 

I2I.7 

45-563 

35-785 

21.206 

i 

323-2 

253-9 

95.063 

74.662 

30.631 

n 

157.8 

123^ 

46.410 

36-450 

21.402 

t* 

327-4 

257.* 

96.285 

75.622 

30.827 

i 

160.8 

126.2 

47.266 

37-122 

21.598 

i 

331-6 

260.4 

97 - 5*6 

76.589 

31.023 

H 

163.6 

128.5 

48.129 

37-800 

21.795 


335-8 

263.7 

98.754 

77-561 

31.022 

7 , 

166.6 

130.9 

49.000 

38-485 

21.991 

10 

340.0 

267.0 

100.00 

78.340 

31.416 

A 

169.6 

133.2 

49.879 

39-175 

22.187 

A 

344-3 

270.4 

101.25 

79.525 

31.612 

i 

172.6 

135.6 

50.766 

39.871 

22.384 

i 

348 5 

273.8 

102.52 

80.516 

31.809 

A 

175.6 

137.9 

51.660 

40-574 

22.580 

A 

352.9 

277.1 

103.79 

81.513 

32.005 

i 

178.7 

140.4 

52.563 

41.282 

22.777 

i 

357.2 

280.6 

105.06 

82.516 

32.201 

A 

I8I.8 

142.8 

53-473 

4 * 997 

22.973 

A 

361.6 

284.0 

*06.35 

83.525 

32.398 

i 

184.9 

145.3 

54-391 

42.718 

23.169 

i 

366.0 

287.4 

107.64 

84.541 

32.594 

A . 

I88.I 

147.7 

55-316 

43-445 

23.366 

A 

370.4 

290.9 

108.94 

85.562 

32.790 

t 

I9I.3 

150.2 

56.250 

44- >79 

23 562 

i 

374-9 

294-4 

110.25 

86.590 

32.987 

TT 

194.4 

152.7 

57 - 19 * 

44.918 

23-758 

A 

379-4 

297-9 

***-57 

87.624 

33.183 

i 

197.7 

155.2 

58.141 

45.664 

23-955 

1 

383.8 

30*.4 

112.89 

88.664 

33-379 

li 

200.9 

157.8 

59.098 

46.415 

24.151 

H 

388.3 

305.0 

114.22 

89.710 

33-576 

i 

204.2 

160.3 

60 063 

47-173 

24-347 


392.9 

308.6 

115.56 

90.763 

33-772 


207.6 

163.0 

61.035 

47-937 

24.544 


397.5 

312.2 

116.91 

91.821 

33.968 


210.8 

165.6 

62.016 

48.707 

24.740 


402.1 

3*5.8 

118.27 

92.886 

34.165 

H 

214.2 

168.2 

63.004 

49.483 

24.936 

H 

406.8 

3 * 9-5 

119.63 

93-956 

34-361 

8 

217 6 

171.0 

64.000 

50.265 

25.133 

11 

411.4 

323.1 

121.00 

95-033 

34-558; 

A 

221.0 

173 6 

65.004 

51.054 

25-329 

A 

416.1 

326.8 

122.38 

96.116 

34-754 


224.5 

176.3 

66.016 

5 ‘-849 

25-525 

t 

420.9 

330-5 

*23.77 

97-205 

34-950 

A 

228.0 

179.0 

67-035 

52.649 

25.722 

A 

425-5 

334-3 

125.16 

98.301 

3 S 147 

1 

231.4 

181.8 

68.063 

53-456 

25.918 

i 

430.3 

337.9 

126.56 

99.402 

35-343 

A 

234.9 

184.5 

69.098 

54.269 

26.114 

A 

435-1 

341-7 

*27-97 

100.51 

35-539 

i 

238.5 

187.3 

70.141 

55.088 

26.3 1 1 

i 

439-9 

345-5 

*29-39 

101.62 

35-736 

A 

242.0 

190. 1 

71.191 

55-914 

26.507 

A 

444.8 

349-4 

130.82 

102.74 

35-932 

i 

245.6 

193.0 

72.250 

56-745 

26.704 

i 

449.6 

353-1 

132.25 

103.87 

36.128 

A 

249.3 

195.7 

73.316 

57-583 

26.900 

A 

454-5 

3570 

133.69 

105.00 

36.325 

t 

252.9 

198.7 

74391 

58.426 

27.096 

f 

459-5 

360.9 

*35 *4 

106.14 

36.521 

H 

256.6 

201.6 

75-473 

59.276 

27.293 

H 

464.4 

364.8 

136.60 

107.28 

36.717 

i 

260.3 

204.4 

76.563 

60.132 

27.489 

1 

469.4 

368.6 

138.06 

108.43 

36.914 

¥ 

264.1 

207.4 

77.660 

60.994 

27.685 

H 

474-4 

372.6 

*39 54 

*0959 

37.110 

li 

267.9 

210.3 

78.766 

61.862 

27.882 

1 

479 5 

376.6 

, 141.02 

**0.75 

37306 

a 

271.6 

213.3 

79.879 

62-737 

28.078 

ft 

484.5 

380.6 

142.50 

111.92 

37*503 
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TABLE 7. 

Properties of Carnegie I Beams. 



Section 

Index. 

Depth 

of 

Beam. 


In. 

B 6i 

27 

B i8 

24 

B I 

24 

B 62 

24 

B 63 

21 

B 2 

20 

B 3 

20 

B 19 

18 

B 4 

18 

B 64 

18 

B 6 

IS 

B 7 

15 

B65 

15 
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TABLE 7. — Continued, 
Properties of Carnegie I Beams. 





































TABLE 8. 

Elements op Carnegie I Beams. 
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TABLE 8. — Continued. 
Elements op Carnegie I Beams, 
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TABLE 9. 

Maximum Moments and Web Resistances. 
Carnegie 1 Beams. 



Web Resistance. 


Minimum 

Span. 


Web. 

Buckling. 


Minimum 

End 

Bearing. 


End 

Reaction, 


IS 


See Table 10. 



fh 

a 

R 

Ft. 

Lb. per 

Sq. In. 

In. 

Lb. 

8.25 

10 080 

20.04 

54 000 

6.99 

13 790 

1 1.40 

104 560 

7*39 

13 3'^ 

11.96 

93 550 

7.87 

12 840 

12.69 

82 350 

8.33 

12 350 

13-44 

73 320 

5.88 

13 430 

1 1.87 

95 330 

6.21 

12 940 

12.55 

84 320 

6.62 

12 340 

1345 

73 130 

7.10 

I I 620 

14.66 

62 120 

7-73 

10 680 

16.46 

50 750 

7-59 

10 270 

17-38 

46 420 

6.98 

10 510 

14.74 

49 530 

5.04 

15 030 

8.31 

HI 550 

5-33 

14 670 

8.63 

99 750 

5.69 

14 230 

9.06 

87 810 

6.13 

13 700 

9.60 

76 010 

6.52 

13 230 

10.12 

67 450 

5.26 

13 S 90 

9.71 

74 070 

5-71 

12 890 

10.52 

62 130 

6.24 

1 2 070 

11.57 

51 300 

5.20 

15 090 

743 ' 

96 080 

5.61 

14 630 

7.80 

83 580 

6 . 13 ' 

14 070 

8.29 

71 140 

6.71 

13 440 

8.89 

60 210 

4-25 

14 620 

7.81 

83 160 

4-59 

14 050 

8.31 

70 690 

5 04 

13 310 

903 

58 230 

5.69 

12 230 

ia.22 

45 010 

6.39 

10 810 

12.16 

32 850 

3-75 

16 010 

5.62 

100 730 

4.06 

IS 630 

5.85 

87 230 

4.46 

15 130 

6.16 

73 730 

4.89 

14 600 

6.53 

62 430 

3-72 

14 990 

6.26 

70 430 

41S 

14 280 

6.76 

56 930 

4.76 

13 250 

7 -S 7 

43 430 

S-ii 

12 670 

8.09 

37 650 

S -79 

II 170 

9.68 

26 890 




























TABLE 9. — Continued. 

Maximum Moments and Web Resistances. 
Carnegie I Beams. 


Depth 

of 

Beam. 

Weight 

Foot. 

Thickness 

of 

Web. 

Maximum 

Bending 

Moment. 

W( 

Web 

Shear. 

?b Resistanc 

Minimum 

Span. 

e. 

Web 

Buckling. 

Minimum 

End 

Bearing. 

d 


t 

\fmag 

V' 


h 

a 

In. 

Lb. 

In. 

Ft.-Lb. 

Lb. 

Ft. 

Lb. per 
Sq. In. 

In. 


55.0 

.810 

70 970 

97 200 

2.92 

16 430 

4.30 

12 

50.0 

.687 

67 030 

82 440 

3-25 

15 970 

4 51 


45.0 

.565 

63 130 

67 800 

3-72 

15 320 

4.83 


40.8 

.460 

59 770 

55 200 

4-33 

14 480 

5.29 

12 

35.0 

.428 

50 460 

51 360 

3-93 

14 150 

5.48 


31.8 

.350 

47 960 

42 000 

4-57 

13 060 

6.19 

12 

27.9 

.284 

44 310 

34 080 

5.20 . 

II 680 

7-27 


40.0 

•741 

42 140 

74 100 

2.27 

16 660 

3.50 

10 

35-0 

•594 

38 870 

59 400 

2.62 

16 090 

3-72 


30.0 

•447 

35 600 

44 700 

3.19 

15 120 

4.11 


25.4 

.3 10 

32 560 

31 000 

4.20 

13 410 

4.96 

10 

22.4 

.252 

30 300 

25 200 

4.81 

12 120 

5-75 


35.0 

•724 

32 970 

65 160 

2.02 

16 850 

3.09 

9 

30.0 

.561 

30 040 

50 490 

2.38 

16 220 

3.30 


25.0 

•397 

27 090 

35 730 

3.03 

15 070 

3.72 


,21.8 

.290 

25 160 

26 100 

3.86 

1 13 620 

436 


25-5 

•532 

22 680 

42 560 

2.13 

16 400 

2.88 

8 

23.0 

,441 

21 390 

35 280 

2.43 

15 860 

3-05 


20.5 

•349 

20 080 

27 920 

2.88 

15 030 

1 3-32 


18.4 

.270 

18 960 

21 600 

351 

13 870 

3-77 

8 

17.5 

.220 

19 460 

17 600 

4.42 

12 700 

4.30 


20.0 

.450 

^5 980 

31 500 

2.03 

16 310 

2.54 


17.5 

•345 

14 840 

24 150 

2.46 

15 490 

2.77 


15*3 

,250 

13 800 

17 500 

3-15 

14 150 

3.20 


17.25 

.465 

II 560 

27 900 

1.66 

16 770 

2.08 


H 75 

•343 

10 590 

20 580 

2.06 

15 970 

2.26 


12.50 

.230 

9 680 

13 800 

2.81 

14 480 

2.64 



•494 

8 030 

24 700 

1.30 

17 250 

1.65 

5 


•347 

7 210 

17 350 

1.66 

16 510 

1.78 


■ mI 

.210 

6 450 

10 500 

2.46 

14 880 

2.1 1 


10.5 

.400 

4 720 

16 000 

1. 18 

17 270 

1.32 

4 

95 

.326 

4 460 

13 040 

1-37 

16 870 

1-37 


8.5 

•253 

4 200 

10 120 

1.66 

16 260 

1.46 



.190 

3 980 

7 600 

2.09 

15 350 

1.61 



•349 

2 560 

10 470 

0.98 

17 Sio 

0.96 

3 


.251 

2 370 

7 530 

1.26 

16 930 

1.02 



.170 

2 210 

5 100 

1-73 

15 950 

1. 13 


End 

Reaction. 


R 


Lb. 


86 530 
71 330 

56 270 
43 300 

39 350 
29 710 

21 570 

74 080 

57 330 

40 560 
24 950 

18 330 

70 130 
52 320 
34 410 

22 720 

47 970 
38 460 
28 850 
20 590 

15 370 

38 520 
28 050 
18 570 

38 980 
27 390 

16 650 

40 470 
27 200 
14 840 

31 080 

24 750 

18 510 
13 120 

25 970 

18^ O^ 
II 520 
























TABLE 10 . 

Maximum Moments and Web Resistances. 
Carnegie I Beams and Channels. 


Buckling Values of Beam Webs. A series of experiments have been carried out on 
beams of various depths and web thicknesses to arrive at a basis for a simpler method of 
computation to use in the investigation of the safe buckling resistance of beams with 
unsupported webs, and from these experiments the following formulas have been deduced: 

Safe end reaction R = ft X tia d/4) 

Safe interior load W = 2 fb X t{a^ -f d/4) 

In these formulas R is the end reaction, W the concentrated load, t the web thickness, 
d the depth of the beam, half the distance over which the concentrated load is applied 
and a the whole distance over which the end reaction is applied, while fb is the safe resistance 
of the web to buckling in pounds prr square inch by the formula 

19,000 — iood/2r(d/2 = / in column formula 19,000 — ioo//r) = 19,000 — 173d//. 

The first formula is general and applies to any condition of loading. The second 
formula is for a single load concentrated at the center of a span; it can be extended for a 
system of concentrated loads provided the sum of the distances a* is not less than a. 

The tables give for beams and channels wdth unsupported webs: 

1. Allowed web resistance /&, in pounds per square inch computed from this compres- 
sion formula. 

2. The distance a, or the distance over which the end reaction must be distributed 
when the shearing stress, T, in the web is the maximum allowable of 10,000 pounds per 
square inch. 

3. The allowable end reaction, R, when a is taken at 3^ in. which is the usual length 
of beam actually resting on the 4-in. angles ordinarily used in building construction for 
lx:am seats. 

4. The allowable shear T, on the gross area of beam or channel webs at 10,000 pounds 
per square inch. 

Maximum Bending Moments. In addition to the maximum loads on beams and 
channels as computed from the web resistance, the tables also give maximum bending 
moments in foot pounds, based on an allowable fiber stress of 16,000 pounds per square 
inch. These maximum bending moments may be used on inspection instead of the table 
of properties to ascertain the proper size section to be used in any particular instance. 


TABLE 11 . 

Percent of Tabular Safe Loads for Beams and Channels Without Lateral Support. 




Ratio of Span, ot Distance Between Lateral Supports, to Flange Width. 




10 

15 

20 

35 

30 

35 

40 

45 1 SO 

55 1 60 1 65 70 1 75 1 80 1 8s 1 90 

95 

zoo 

Cambria 

100 

100 

99 

93 

87 

80 

73 

67 1 61 

S^isi 147143 1 39 I 36 1 33 1 30 


26 

Am. B. Co. 

100 

91 

81 

72 

6J 

S3 

44 

Ratios above not allowed by American Bridge Co.| 


The tabular safe loads should be reduced in accordance with the ratios given in the above table 
in order to insure that the stresses in the compression flanges should not exceed the allowed unit stress. 
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TABLE 12. 

Safe Loads, in Tons, and Deflections, Carnegie I Beams. 
American Bridge Company Standards. 
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TABLE 13 . 

Safe Loads, in Tons, and Deflections, Carnegie I Beams. 
American Bridge Company Standards. 


Length of Span in Feet. 



mm 


.OQ I .14 1 .20 \ .27 \. I .4fi I .55 I .67 I .cVo I ... - I • 




The figures give the safe uniform load in tons, based on extreme fibre stress of 16,000 lb., or 
the end reactions from safe uniform load in thousands of pounds. 

For load concentrated at center, use one-half of figures ^iven for safe loads and four-fifths of 
the values given for deflections. Figures for deflections are given in inches. 

For figures at right of heavy zigzag lines, deflections are excessive for plastered ceilings. 
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TABLE 14. 

Properties of Carnegie Channels. 




























TABLE 15. 

Elements of Carnegie Channels. 



50 
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TABLE 16 . 

Maximum Moments and Web Resistances. 
Carnegie Channels. 


Depth 

of 

Channel. 

Weight 

per 

Foot. 

Tliickness 

of 

Web. 

Maximum 

Bending 

Moment. 

vv 

Web 

Shear. 

eb Resislanc 

Minimum 

Span. 

e. 

Web 

Buckling. 

Minimum 

End 

Bearing 

End 

Reaction, 

d 


t 


V 


fb 

a 

R 

In. 

Lb. 

In. 


Lb. 

Ft. 

Lb. per 

Sq. In. 

In. 

Lb. 

mm 

55.0 

.814 

76 270 

122 100 

2.50 

15 810 

5-74 

93 290 


50.0 

.716 

71 420' 

107 400 

2.66 

15 370 

6.01 

79 790 

HH 

45.0 

.618 

66 470 

92 700 

2.87 

14 800 

6.39 

66 290 


40.0 

.520 

61 570 

78 000 

3.16 

14 000 

6.96 

52 790 


35.0 

.422 

56 670 

63 300 

3.58 

12 840 

7-93 

39 290 


33-9 

.400 

55 570 

60 000 

3-70 

12 510 

8.24 

36 270 


50.0 

.787 

64 190 

102 310 

2.51 

16 140 

4.81 

0 

00 


45-0 

.673 

59 910 

87 490 

2.74 

15 660 

5-05 

71 120 

13 

40.0 

.560 

55 660 

72 800 

3.06 

14 980 

5-43 

56 620 


37.0 

.492 

53 no 

63 960 

3.32 

14 420 

5.76 

47 900 


35-0 

447 

51 420 

58 no 

3-54 

13 960 

6.06 

42 120 


31.8 

•375 

48 720 

48 750 

4.00 

13 000 

6.75 

32 900 


40.0 

755 

43 670 

90 600 

1.93 

16 250 

4-39 

79 740 


35.0 

.632 

39 730 

75 840 

2.10 

15 710 

4.64 

64 540 

12 

30.0 

.510 

35 830 

61 200 

2.34 

14 920 

5-04 

49 470 


25.0 

.387 

31 890 

46 440 

2.75 

13 630 

S.81 

34 280 


20.7 

.280 

28 470 

33 600 

3-39 

II 570 

7-37 

21 060 


35.0 

.820 

30 720 

82 000 

1.50 

16 890 

342 

83 090 


30.0 

.673 

27 460 

67 300 

1.63 

16 430 

3*59 

66 330 

lO 

25.0 

.526 

24 190 

52 600 

1.84 

15 710 

3.87 

49 570 


.20.0 

•379 

20 920 

37 900 

2.21 

14 430 

4-43 

32 810 


15-3 

.240 

17 830 

24 000 

2.94 

II 790 

5.98 

16 970 


25.0 

.612 

20 900 

55 080 

1.52 

16 450 

3.22 

57 900 

9 

20.0 

.448 

17 950 

40 320 

1.78 

15 520 

3-55 

39 980 


15.0 

.285 

15 010 

25 650 

2.34 

13 530 

4.40 

22 180 


134 

.230 

14 020 

20 700 

2.71 

12 220 

5.11 

16 160 


21.25 

•579 

15 870 

46 320 

1-37 

16 610 

2.82 

52 880 


18.75 

.487 

14 570 

38 960 

1.50 

16 160 

2.95 

43 270 

8 

16.25 

•395 

13 260 

31 600 

1.68 

15 490 

3.16 

33 650 


1375 

•303 

II 950 

24 240 

1.97 

14 430 

3-55 

24 040 


II . 5 

.220 

10 770 

17 600 

2-45 

12 700 

4.30 

15 370 


1975 

.629 

12 590 

44 030 

1. 14 

17 070 

2-35 

56 380 


17.25 

.524 

II 450 

36 680 

1.25 

16 690 

2.44 

45 910 

7 

1475 

.419 

10 310 

29 330 

1. 21 

16 no 

2.60 

35 430 


12.25 

.314 

9 170 

21 980 

1.67 

15 140 

2.87 

24 950 


9.8 

.210 

8 030 

14 700 

2.19 

13 220 

3-54 

14 580 


15-5 

•559 

8 650 

33 540 

1.03 

17 140 

2.00 

47 910 

6 

13.0 

•437 

7 670 

26 220 

1. 17 

16 620 

2.11 

36 320 


10.5 

.314 

6 690 

18 840 

1.42 

15 690 

2.32 

24 630 


8.2 

.200 

5 780 

12 000 

1.67 

13 800 

2.85 

13 800 


11.5 

.472 

5 520 

23 600 

0.94 

17 170 

1.66 

38 490 

5 

9.0 

•325 

4 710 

16 250 

1.16 

16 340 

1.81 

25 220 


6.7 

.190 

3 950 

9 500 

1.67 

14 440 

2.21 

13 030 


7-25 

.320 

3 030 

12 800 

0.95 

16 840 

1.38 

24 240 

4 

6.25 

.247 

2 770 

9 880 

1.12 

16 200 

1-47 

18 000 


54 

.180 

2 530 

7 200 

1.40 

15 150 

1.64 

12 270 


6.0 

•356 

I 830 

10 680 

0.68 

17 540 

0.96 

26 540 

3 

5-0 I 

.258 

1 630 

7 740 

C.84 

16 990 

1.02 

18 630 


4.1 

.170 

I 450 

5 100 

1. 14 

15 950 


II 520 


See Table 10. 
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TABLE 17 

Safe Loads, in Tons, and Deflections, Carnegie Channels 
American Bridge Company Standards 


Size 

Weight 

per 

Length of Span in Feet 


Foot, 


















Pounds 

8 

9 

10 

IZ 

li 

13 

14 

IS 

16 

18 

20 

22 

24 

26 

28 

30 


55- 

38 

34 

31 

28 

25 

24 

22 

20 

19 

17 

15 

14 

13 

12 

II 

10 


50. 

36 

32 

29 

26 

24 

22 

20 

19 

18 

16 

14 

13 

12 

II 

10 

9 S 


45 - 

33 

30 

27 

24 

22 

21 

>9 

18 

17 

IS 

13 

12 

n 

10 

9-5 

8.9 

15" 

40. 

31 

27 

25 

22 

21 

19 

18 

16 

IS 

14 

12 

II 

10 

9-5 

8.8 

8.2 


35 - 

28 

25 . 

23 

2 I 

19 

18 

16 

IS 

14 

13 

II 

10 

9-5 

8.8 

8.1 

7.6 


33.9 

28 

2“; 

22 

20 

19 

17 

16 

15 

14 

12 

1 1 

10 

9-3 

8.6 

7-9 

7.4 


Def. 

.07 

.(JQ 

.11 

■n 

.16 

.j() 

.22 

.^5 

.28 

■36 

.44 

-.^.1 

.04 

•75 

•^7 

.99 


40. 

21 

19 

18 

16 

*5 

13 

13 

12 

II 

97 

8.8 

8.0 

7-3 

6.7 

6.3 

5.8 


35 - 

20 

18 

16 

14 

13 

12 

II 

10 

10 

89 

8.0 

7.2 

6.6 

6.1 

S 7 

5-3 

12" 

30. 

18 

16 

14 

13 

12 

II 

10 

9.6 

9.0 

8.0 

7.2 

65 

6.0 

S 4 


4.8 


25. 

16 

14 

13 

12 

1 1 

9*9 

9.1 

8-5 

8.0 

71 

6.4 

5.8 

5-3 

4-9 

4.6 

4*3 


20.7 

u 

13 

1 1 

10 

9.5 

8.8 

8.1 

7.6 

7.1 

6.3 

.^7 

5-2 

47 

: 4-4 

41 

3-8 



.00 

./r 

././ 

•^7 

.20 

•2? 

•^7 

.?/ 

•.?5 


4 .S 

.67 

7 Q 

' .9? 

1. 1 

1.2 


35 - 

15 

14 ! 

12 

1 1 

10 

9-5 

8.8 

8.2 

77 

6.8 

6.2 

S-6 

51 

i 4.7 

1 4-4 

4-1 


30. 

H 

12 

1 1 

10 

9.2 

8.5 

7-9 

7.3 

6.9 

6.1 

5-5 

50 

4.6 

j 4*2 

1 3-9 

37 

10" 

25 - 

12 

II 

97 

8.8 

8.1 

7.5 

6.9 

6.5 

6.1 

5-4 

4-9 

4-4 

4.0 

37 

I 34 

3.2 


20. 

II 

9-3 

8.4 

7.6 

7.0 

6.5 

6.0 

5.6 

5-3 

4-7 

4-2 

3.8 

34 

i 3-2 

3.0 

2.8 


iS -3 

8.0 

7-9 

71 

64 

5-9 

54 

5.1 

4.8 

44 

4.0 

3.6 

3-2 

30 

! 2.7 

! 2.6 

2.4 



.// 

n 

./7 

.20 

.2 1 

.28 

.^2 

47 

.42 

•S 4 

.66 

.80 

•95 

1 II 

i ^-5 

^•5 


25 - 

10 

9-3 

8.4 

7.6 

7.0 

6.4 

6.0 

5.6 

5-2 

47 

4.2 

■3.8 

3-5 

3-2 

3.0 

2.8 

o" 

20 

9.0 

8.0 

7.2 

6.6 

6.0 

5-5 

54 

4.8 

4- 5 

4.0 

3.6 

3-3 

3-0 

2.8 

2.6 

2.4 

y 

* 5 - 

7-^ 

6.7 

6.0 

5-5 

5.0 

4-6 

4 3 

4.0 

3.8 

3-3 

3.0 

2.7 

25 

2.3 

2.2 

2.0 


134 

7.0 

6.2 

q.6 

q 1 

4 7 

44 

4.0 

3.7 

3.; 

3.1 

2.8 

2.6 

2.3 

2.2 

2.0 

1.9 


Def . 

.12 

•/i 

.18 

.22 

•^7 



.41 

•47 

.60 

74 

.Sq 

1. 1 

J.2 

1.4 

^•7 


The figures give the safe uniform load in tons, based on extreme fiber stress of 16,000 lb., or 
the end reactions from safe uniform load in thousands of pounds. 

For load concentrated at center, use one-half of figures given for safe loads and four-fifths of 
the values given for deflections. 

Figures for deflections are given in inches. 

For figures at right of heavy zigzag lines, deflections are considered excessive for plastered 
ceilings. 
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TABLE 17 . — Continued 

Safe Loads, in Tons, and Deflections, Carnegie Channels 
American Bridge Company Standards 


Size 


6 " 


Weight 

per 






Length of Span in 

Feet 



Foot, 

Pounds 

s 

6 

7 

* i 

9 

10 

II 

12 

13 

14 

IS 

-1 

21.25 

13 

II 

9-1 

7-9 

7-1 

6.4 

5.8 

5-3 

4.9 

4.6 

4.2 

4.0 

18.75 

12 

9-7 

8.4 

7-3 

6.5 

5.8 

5-3 

4-9 

4-5 

4.2 

3-9 

3-7 

16.25 

11 

8.9 

7-6 

6.7 

5-9 

5-3 

4.8 

4-4 

4-1 

3.8 

3-5 

3-3 

13-75 

9.6 

8.0 

6.9 

6.0 

5-3 

4.8 

4.4 

4-0 

3-7 

3-4 

3.2 

3-0 

11.5 

8.6 

7-2 

6.2 

5-4 

4.8 

4-3 

3-9 

3.6 

3-3 

3-1 

2.0 

2.7 

D,f. 

05 

.07 

.10 

•C? 

•r 7 

.21 

25 

•30 

•35 

.41 

•47 

• 5 ? 

19-75 

10 

8.4 

7-2 

6.3 

5.6 

51 

4.6 

4-2 

3-9 

3.6 

3*4 

3-2 

17.25 

9-2 

7-7 

6.6 

5-8 

5-1 

rai 

EB 

3-8 

3-5 

3-3 

3-1 

2.9 

14-75 

8.3 

6.9 

5-9 

5-2 

4.6 

tg 

3.8 

3-5 

3-2 

30 

2.8 

2.6 

12.25 

7-4 

6.1 

5-3 

4.6 

4-1 

3-7 

3-4 

3-1 

2.8 

2.6 

2-5 

2.3 

9-8 

6.7 

5 -^J 

4.8 

4.2 

3-7 

3-3 

3-0 

2.8 

2.6 

2.4 

2.2 

2.1 

Def. 

,06 

.OQ 

.12 

-Cf 

.10 

•24 

.20 

.u 

.40 

.46 

-. 5 ? 

.61 

15-5 

7-0 

5.8 

5-0 

4-3 

3-9 

3-5 

3-2 

2.9 

2.7 

2.5 

2.3 

2.1 

13 - 

6.2 

5-1 

4-4 

3-9 

3-4 

3-1 

2.8 

2.6 

2.4 

2.2 

2.1 

1.9 

10.5 


4-5 

3-8 

3.4 

3-0 

2.7 

2.4 

2.2 

2.1 

1.9 

1.8 

1-7 

8.2 

4.6 

3-9 

3-3 

2.Q 

2.6 

2.3 


1.9 

1.8 

1.7 

1.5 

1.4 

Off. 

.07 

.10 

14 

.18 

,22 1 

.28 


.40 

.47 

.54 

.62 

•71 

II.5 

1 

4-4 

3-7 

3-2 

2.8 

2.5 

2.2 

2-0 

1.9 

1-7 

1.6 

1-5 

1.4 

9 - 

3-8 

3-2 

2.7 

2.4 

2.1 

1-9 

1-7 

1.6 

1-5 

1-4 

1-3 

1.2 

6.7 

3-2 

2.6 

2.3 

2.0 

1.8 

1.6 

1.4 

1.3 

1.2 

I.I 

I.O 

.99 

Dff. 

.08 

.12 

.j6 

.21 

.27 

.?? 

.40 

.48 

-.0 

•^5 

•74 


7.25 

2.4 

2.0 

, 1-7 

1-5 

1-4 

1.2 

I.I 

I.O 

-94 

.87 

.81 

.76 

6.25 

2.2 

1-9 

1.6 

1-4 

1.2 

I.I 

I.O 

•93 

.86 

.80 

•74 

.70 

5.4 

2.0 

1-7 

1-4 

1.3 

I.I 

I.O 

•92 

.84 

.78 

•72 

.67 

•63 

Def. 

.10 

./5 

.20 

.26 

U 

.41 

•50 

.60 

.70 

.81 

.0? 

I.I 

6. 

1-5 

1.2 

i.i 

.92 

.82 

•74 

.67 

.61 

•57 

•53 

•49 

.46 

5 * 

1-3 

1. 1 

-94 

.82 

•73 

.66 

.60 

•55 

.50 

•47 

•44 

.41 

41 

1.2 

•97 

.83 

.73 

.64. 

.58 

•53 

.48 

•45 

.41 

.39 

•56 

Def. 

H 

.20 

•27 

•35 

•45 

1 -55 

,67 

.80 

•93 

I.I 

1.2 

1.4 


The figures give the safe uniform load in tons, based on extreme fiber stress of 16,000 lb., or 
the end reactions from safe uniform load in thousands of pounds. 

For load concentrated at center, use one-half of figures given for safe loads and four-fifths of 
the values given for deflections. 

Figures for deflections are given in inches. 

For figures at right of heavy zigzag lines, deflections are considered excessive for plastered 
ceilings. 
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TABLE 16. 

Maximum Moments and Web Resistances. 
Carnegie Channels. 


Thickness 

of 

Web. 

Maximum 

Bending 

Moment. 

Web Resistance. 

Web 

Shear. 

Minimum 

Span. 

Web 

Buckling. 

t 


V 


fh 

In. 


Lb. 

Ft. 

Lb. per 

Sq. In. 

.814 

76 270 

122 100 

2.50 


.716 

71 420 

107 400 

2.66 


.618 

66 470 

92 700 

2.87 

14 800 

.520 

61 570 

78 000 

3.16 

14 000 

.422 

56 670 

63 300 

3.58 

12 840 

.400 

55 570 

60 000 

3-70 

12 510 

.787 

64 190 

102 310 

2.51 

16 140 

.673 

59 910 

87 490 

2.74 

15 660 

.560 

55 660 

72 800 

3.06 

14 980 

.492 

53 lio 

63 960 

3.32 

14 420 

•447 

51 420 

58 110 

3-54 

13 960 

•375 

48 720 

48 750 

4.00 

13 000 

-755 

43 670 

90 600 

1-93 

16 250 

.632 

39 730 

75 840 

2.10 

IS 710 

.510 

35 830 

61 200 

2.34 

14 920 

.387 

31 890 

46 440 

2.75 

13 630 

.280 

28 470 

33 600 

3-39 

II 570 

.820 

30 720 

82 000 

1.50 

16 890 

.673 

27 460 

67 300 

1.63 

16 430 

.526 

24 190 

52 600 

1.84 

IS 710 

•379 

20 920 

37 900 

2.21 

14 430 

.240 

17 830 

24 000 

2.94 

II 790 

.612 

20 900 

55 080 

1.52 

16 450 

.448 

17 950 

40 320 

1.78 

15 520 

.285 

15 010 

25 650 

2.34 

*3 530 

.230 

14 020 

20 700 

2.71 

12 220 

•579 

IS 870 

46 320 

1-37 

16 610 

.487 

14 570 

38 960 

1.50 

16 i6o 

•395 

13 260 

31 600 

1.68 

15 490 

.303 

11 950 

24 240 

1.97 

*4 430 

.220 

10 770 

17 600 

2.45 

12 700 

.629 

12 590 

44 030 

1. 14 

17 070 

•524 

II 450 

36 680 

1.25 

16 690 

.419 

10 310 

29 330 

1. 21 

16 no 

•314 

9 *70 

21 980 

1.67 

15 140 

.210 

8 030 

14 700 

2.19 

13 220 

•559 

8 650 

33 540 

1.03 

17 140 

•437 

7 670 

26 220 

1. 17 

16 620 

.314 

6 6<)o 

18 840 

1.42 

IS 690 

.200 

5 780 

12 000 

1.67 

13 800 

•472 

5 520 

23 600 

0.94 

17 170 

•325 

4 710 

16 250 

1. 16 

16 340 

.190 

3 950 

9 500 

1.67 

14 440 

.320 

3 030 

12 800 

0.9s 

16 840 

.247 

2 770 

9 880 

1. 12 

16 200 

.180 

2 530 

7 200 

1.40 

IS 150 

•356 

I 830 

10 680 

0.68 

17 540 

.258 

I 630 

7 740 

C.84 

16 990 

.170 ; 

I 450 

5 100 

1. 14 

IS 950 


Depth 

of 

Channel. 


Weight 

per 

Foot. 


In. 


Lb. 


15 


13 


12 


10 


55.0 

50.0 

45.0 

40.0 

35.0 

33-9 

50.0 

45.0 

40.0 

37.0 

35.0 
31.8 

40.0 

35.0 

30.0 

25.0 
20.7 

35.0 

30.0 

25.0 

20.0 

15-3 

25.0 

20.0 

15.0 

13.4 

21.25 

18.75 

16.25 

13 - 75 

11. 5 

19-75 

17-25 

14- 75 

12.25 
9.8 

15- 5 

13.0 

10.5 
8.2 

11.5 

9.0 
6.7 

7.25 

6.25 

5-4 

6.0 

S-o 

-41 


See Table 10. 


34 


Minimum 

End 

Bearing 

End 

Reaction, 

a 

a 

R 

In. 

Lb. 

5-74 

93 

290 

6.01 

79 

790 

6.39 

66 

290 

6.96 

52 

790 

7-93 

39 

290 

8.24 

3 ^ 

270 

4.81 

85 

730 

5.05 

71 

120 

5-43 

56 

620 

5.76 

47 

900 

6.06 

42 

120 

6.75 

32 

900 

4-39 

79 

740 

4.64 

64 

540 

5 04 

49 

470 

S.81 

34 

280 

7-37 

21 

060 

3.42 

83 

090 

3-59 

66 

330 

3.87 

49 

570 

4-43 

32 

810 

5.98 

16 

970 

3.22 

57 

900 

3-55 

39 

980 

4.40 

22 

180 

5. II 

16 

160 

2.82 

52 

880 

2.95 

43 

270 

3.16 

33 

650 

3-55 

24 

040 

4.30 

*5 

370 

2.35 

56 

380 

2.44 

45 

910 

2.60 

35 

430 

2.87 

24 

950 

3-54 

14 

580 

2.00 

47 

910 

2.1 1 

36 

320 

2.32 

24 

630 

2.85 

13 

800 

1.66 

38 

490 

1.81 

25 

220 

2.21 

13 

030 

1.38 

24 

240 

1-47 

18 

000 

1.64 

12 

270 

0.96 

26 

540 

1.02 

18 

630 

I13 

11 

520 




















TABLE 17 

Safe Loads, in Tons, and Deflections, Carnegie Channels 
American Bridge Company Standards 


Size 

Weight 

per 






Length of Span in Feet 







Fcx)t, 

Pounds 

8 

9 

10 

II 

12 

13 

14 

15 

16 

18 

20 

22 

24 

26 

28 

30 


55 - 

38 

34 

31 

28 

25 

24 

22 

20 

19 

17 

IS 

14 

13 

12 

11 

10 


50. 

36 

32 

29 

26 

24 

22 

20 

19 

18 

16 

14 

13 

12 

II 

10 

9-5 


45 - 

33 

30 

27 

24 

22 

21 

19 

18 

17 

IS 

13 

12 

II 

10 

9 -S 

8.9 

15" 

40. 

31 

27 

25 

22 

21 

19 

18 

16 

15 

14 

12 

II 

10 

9 .S 

8.8 

8.2 


35 - 

28 

25 . 

23 

2 I 

19 

18 

16 

IS 

14 

13 

1 1 

10 

9 .S 

8.8 

8.1 

7.6 


33-9 

28 

25 

22 

20 

19 

17 

16 

IS 

14 

12 

II 

10 

9-3 

8.6 

7-9 

7-4 


Def. 

07 

.OQ 

.// 

•/? 

.i6 

.IQ 

.22 

•25 

.28 

■3^ 

■44 

■33 

.64 

■73 

.87 

QQ 


40. 

21 

19 

18 

16 

* 5 

13 

13 

12 

1 1 

9-7 

8.8 

8.0 

7-3 

6.7 

6.3 

5.8 


35 - 

20 

18 

16 

14 

13 

12 

1 1 

10 

10 

8.9 

8.0 

7-2 

6.6 

6.1 

S 7 

S -3 

12" 

30. 

18 

16 

14 

13 

12 

II 

10 

9.6 

9.0 

8.0 

7.2 

6.S 

6.0 

5 -S 

S-i 

4.8 

25 - 

16 

14 

13 

12 

1 1 

9.9 

9.1 

8.5 

8.0 

7-1 

6.4 

5.8 

S -3 

4-9 

4.6 

4-3 


20.7 

14 

13 

II 

10 

9.5 

8.8 

8.1 

7.6 

7.1 


5-7 


47 

4-4 

41 

3-8 


Def. 

.OQ 

.11 

././ 

•17 

.20 

.2? 

27 

.?/ 

•.?5 

•45 

■33 

.67 

■ 7 Q 

' - 0.3 

1 /./ 

1.2 


35 - 

15 

14 

12 

II 

10 

9-5 

8.8 

8.2 

7-7 

6.8 

6.2 

5.6 

S-i 

47 

1 4-4 

4-1 


30. 

14 

12 

II 

10 

9.2 

8.5 

7-9 

7-3 

6.9 

6.1 

S-S 

SO 

4.6 

1 4-2 

i 3-9 

3-7 

10" 

25 - 

12 

1 1 

9.7 

8.8 

8.1 

7.5 

6.9 

6-5 

6.1 

S -4 

4-9 

4.4 

4-0 

i 

1 

3-2 

20. 

II 

9-3 

8.4 

7.6 

7.0 

6.5 

6.0 

5.6 

5-3 

4-7 

4.2 

3-8 

3 -S 

3-2 

3-0 

2.8 


15-3 

8.0 

7.9 

7-1 

6.«; 

'IQ 

S'"; 


4.8 

44 

4.0 

3-6 

3-2 

3-0 

' 2.7 

1 2.6 

2-4 


/>/■ 

.11 

./? 


.20 

.2A 

.28 

.^2 

.?7 

.42 

■34 

.66 

.80 

■Q3 

1 1.J 

^■3 

/-5 


25 - 

10 

9-3 

8.4 

7.6 

7.0 

6.4 

6.0 

5.6 

5-2 

4-7 

4.2 

■3-8 

3 -S 

3.2 

3.0 

2.8 

0" 

20 

9.0 

8.0 

7-2 

6.6 

6.0 

5-5 

S-i 

4.8 

4 -.S 

4.0 

3.6 

3-3 

3-0 

2.8 

2.6 

2.4 

9 

15 - 

7-5 

6.7 

6.0 

5-5 

5.0 

4.6 

4-3 

4.0 

3.8 

3-3 

3.0 

2.7 

2.S 

2.3 

2.2 

2.0 


134 

7.0 

6.2 

?.6 

^ 1 

4.7 

4-1 

4.0 

3.7 

3.(; 

3.1 

2.8 

2.6 

2.3 

2.2 

2.0 

1.9 


Def. 

.12 

•15 

.18 

.22 

•^7 



.41 

■47 

.60 

■74 

.89 

1 

1.2 

1.4 

^-7 


The figures give the safe uniform load in tons, based on extreme fiber stress of 16,000 lb., or 
the end reactions from safe uniform load in thousands of pounds. 

For load concentrated at center, use one-half of figures given for safe loads and four-fifths of 
the values given for deflections. 

Figures for deflections are given in inches. 

For figures at right of heavy zigzag lines, deflections are considered excessive for plastered 
ceilings. 
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TABLE 17 . — Continued 

Safe Loads, in Tons, and Deflections, Carnegie Channels 
American Bridge Company Standards 


Size 

Weight 

per 






Length of Span in 

Feet 


1 


Foot, 












1 1 




Pounds 

s 

6 

7 

8 

9 

10 

II 

12 

13 

14 

IS 

16 

r8 

20 

22 

24 


21.25 

13 

II 

9-1 

7-9 

7-1 

6.4 

5.8 

5-3 

4-9 

4.6 

4.2 

4.0 






18.75 

12 

9-7 

8.4 

7-3 

6.5 

5.8 

5-3 

4-9 

4-5 

4.2 

3-9 

3^7 





A” 

16.25 

II 

8.9 

7.6 

6.7 

5-9 

5-3 

4.8 

4.4 

4.1 

3.8 

3-5 

3^3 






13-75 

9.6 

8.0 

6.9 

6.0 

5-3 

4.8 

4-4 

4.0 

3-7 

3-4 

3.2 

3.0 






11.5 

8.6 

7.2 

6.2 

5-4 



3-9 

i -6 

3-3 

3-1 

2.9 

2^7 






Drf. 

05 

.07 

.10 

•C? 



•^5 

•.?o 

•55 

.41 

•47 

• 5 ? 






19-75 

lO- 

8.4 

7-2 

6.3 


PHI 

4.6 

4.2 

3-9 

3.6 

3-4 

3.2 






17-25 

9.2 

7.7 

6.6 

5.8 

5-1 

4.6 

4.2 

3.8 

3-5 

3-3 

3-1 

2.9 






14-75 

8.3 

6.9 

5-9 

5-2 

4.6 

4-1 

3.8 

3-5 

3-2 

30 

2.8 

2.6 





7 

12.25 

7-4 

6.1 

5-3 

4.6 

4-1 

3-7 

3-4 

3-1 

2.8 

2.6 

2.5 

2.3 






9-8 

6.7 

5.6 

4.8 

4-2 

3-7 

3-3 

3.0 

2.8 

2.6 

2.4 

2.2 

2.1 






Drf. 

.06 

,0Q 

.12 


.10 

WBk 

.2Q 


.40 

.46 

• 5 ? 

.61 






* 5-5 

7-0 

5.8 

50 

4-3 

3-9 

3-5 

3-2 

2.9 

2.7 

2.5 

2.3 

2.2 






13- 

1 6.2 

5-1 

4.4 

3-9 

3-4 

3-1 

2.8 

2.6 

2.4 

2.2 

2.1 

1.9 





6" 

10.5 


4-5 

3-8 

3-4 

3.0 

2.7 

2.4 

2.2 

2.1 

1.9 

1.8 

1-7 






8.2 

4.6 

3-9 

3-3 

2.9 

2.6 



1-9 

1.8 

1.7 

1.5 

1.4 






D,f. 

.07 

.10 \ 


./<y 

.22 


ra 

.40 

.47 


.62 

•7/ 






IL 5 

4.4 

3-7 

3.2 

2.8 

2-5 

2.2 

2.0 

1.9 

1.7 

1.6 

1-5 

1-4 




■ 


9 - ! 

3.8 

3-2 

2.7 

2.4 

2.1 

1.9 

1-7 

1.6 

1-5 

1.4 

1-3 

1.2 





5 

6.7 

3.2 

2.6 

2.3 

2.0 

1.8 

1.6 

1.4 

1.3 

1.2 

i.i 

1.0 

■99 




H 


Dff. 

,08 

.12 

./6 

.21 

.27 

m 

.40 

.48 

.56 

.65 

•74 







7-25 

2.4 

2.0 

. 1-7 

1-5 

1.4 

1.2 

i.i 

I.O 

•94 

.87 

.81 

•76 





.// 

6.25 

2.2 

1-9 

1.6 

1.4 

1.2 

1. 1 

I.O 

•93 

.86 

.80 

•74 

.70 





4 

5-4 

2.0 

1-7 

1-4 

1.3 

1. 1 

I.O 

•92 

.84 

•78 

•72 

.67 

.63 






Def. 

.10 

./i 

.20 

.26 

-.34 

•4/ 

•50 

.60 

.70 

.8r 

■0? 

I.I 






6 . 

1-5 

1.2 

l.i 

.92 

.82 

•74 

.67 

.61 

•57 

•53 

•49 

.46 






5- 

1-3 

1. 1 

•94 

.82 

•73 

.66 

.60 

•55 

•50 

•47 

•44 

.41 





3 

41 

1.2 

■97 

.83 

•73 

.64. 

.58 

•53 

.48 

• 4 “; 

.41 

■39 

.36 






Dff. 

.J4 

.20 

27 

-ii 

45 

•55 

.67 

.80 

•Pi 

I.I 

1.2 

/.4 






The figures give the safe uniform load in tons, based on extreme fiber stress of 16,000 lb., or 
the end reactions from safe uniform load in thousands of pounds. 

For load concentrated at center, use one-half of figures given for safe loads and four-fifths of 
the values given for deflections. 

Figures for deflections are given in inches. 

For figures at right of heavy zigzag lines, deflections are considered excessive for plastered 
ceilings. 
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TABLE 18. 

Safe Loads, in Tons, and Deflections, Carnegie Channels Laid Flat. 
American Bridge Company Standards. 


Size 

Weight 

per 

Foot, 

Pounds. 


Length of 

Span in Feet. 

“1 

1 

Size. 

Weight 

per 

Foot, 

Pounds. 

Length of Span in Feet. 

3 

4 

s 

6 

7 

8 

9 1 

3 

4 

S 

6 

7 

8 

9 


55 - 

7.2 

5-4 

4-3 

3.6 

3-1 

2.7 

2.4 


21.25 

1.9 

I-S 

1.2 

.98 

.84 

•74 

.65 


50. 

6.8 

51 

4.1 

3-4 

2.9 

2.6 

2.3 


18.75 

1.8 

I 3 

1.1 

.91 

.78 

.68 

.61 


45 - 

6.4 

4.8 

3-9 

3-2 

2.8 

2.4 

2.1 

8" 

16.25 

1-7 

1.2 

I.O 

.84 

.72 

.63 

.56 

15" 

40. 

5-9 

4*5 

3 -^ 

3.0 

2.5 

2.2 

2.0 


13.7s 

i-S 

I.I 

.92 

.77 

.66 

.58 

•51 


35 - 

5-7 

4-3 

3-4 

2.8 

2.4 

2.1 

1.9 


II.5 

1.4 

I.o 

.84 

•70 

.60 

•S 3 

.47 


33-9 


4.2 

3-4 

2.8 

2.4 

2.1 

1.9 


Dtrf. 

.05 

.08 

./? 

. 7 ^ 

■24 

.?2 

.40 


Def. 

.^? 

‘OS 

.oS 

.12 

.16 

.21 

.26 


I 9 - 7 S 

1-7 

1.3 

I.O 

.85 

•73 

.64 

•57 


40. 

4.4 

3-3 

2.6 

2.2 

1.9 

1.6 

1-5 


17.2s 

i-S 

I.I 

•93 

•77 

.66 

.58 

•52 


35 - 

4.0 

3.0 

2.4 

2.0 

1-7 

I-S 

1-3 


14.7s 

1.4 

1.0 

.84 

.70 

.60 

•53 

•47 


30. 

3-7 

2.8 

2.2 

1.8 

1.6 

1.4 

1.2 

7 

12.25 

1.2 

.95 

.76 

.63 

•S 4 

.47 

.42 

12 

2q. 

3-4 

2.5 

2.0 

1-7 

1-4 

1-3 

1. 1 


9.8 

i.i 


.67 

.56 

.48 

.42 

.37 

i 

1 20.7 

3-1 

2.3 

1.9 

1-5 

1.3 

1.2 

1.0 


Dff. 

.05 

.OQ 

.14 

.20 

.26 

.?s 

‘44 


Def. 

.0? 

.06 

.00 

.14 

.iS 

.24 

‘30 


15.5 

1-3 

.98 

.78 

.65 

.56 

•49 

•43 


35 - 

3-3 I 

2-5 

2.0 

1.6 

1.4 

1.2 

1. 1 


13 - 

I.I 

.87 

.69 

.58 

.50 

•43 

•39 


30. 

2.9 1 

2.2 

1-7 

1.4 

1.2 

1. 1 

1.0 

6 " 

10.5 

1.0 

.76 

.61 

•51 

•43 

.38 

.34 

rr\" 

25 - 

2-7 

2.0 

1.6 

1-3 

1. 1 

1.0 

.89 


8.2 

.88 

.66 

•S 3 

.44 

.38 

.33 

.29 

10 

20. 

2.4 

1.8 1 

1.4 j 

1.2 

1.0 

.89 

•79 


/)./. 

•05 

.70 

•LS 

.22 

.29 

.38 

.48 


1=^-3 

2. 1 

13 

1.2 

I.o 

.89 

.78 

•09 


ii-S 

•95 

•71 

.57 

.47 

.41 

.36 

•32 


Off. 

.04 

.07 

.// 


.21 

‘27 

‘34 


9 - 

.81 

.60 

.48 

.40 

.35 

•30 

.27 


25. 

2.4 

1.8 

1.4 

1.2 

I.O 

.90 

.80 

5" 

6.7 

.67 

-.50 

.40 

.34 

.29 

.25 

.22 


20, 

2.1 

1.6 

1-3 

1.0 

.90 

•79 

.70 


Def. 

.06 

.11 

‘^7 

.24 

1 ‘32 

.42 

‘ S4 

9" 

15 - 

1.8 

1-3 

1. 1 

.91 

.78 

.68 

.61 











13.4 

1*7 

1.3 

i.o 

.86 

•74 

.6; 

•57 











D ^ f . 

.04 

1 .oS 

.12 


.22 

.2^ 

‘37 











The figures give tlie «safc uniform load in tons, based on extreme fiber stress of 16.000 lb., or 
the end reactions from safe uniform load in thousands of pounds. 

For load concentrated at center, use one-half of figures given for safe loads and four-fifths of 
the values given for deflections. Figures for deflections are given in inches. 

For figures at right of heavy zigzag lines, deflections are excessive for plastered ceilings. 


TABLE 18 a. 

Coefficients of Deflection, Uniformly Distributed Loads. 

For Concentrated Load at center use four-fifths the tabular coefficient. 


Span, 

Feet. 

Fiber Stress. Pounds 
per Square Incli. 

Span, 

Feet. 

Fiber Stress, Pounds 
per Square Inch. 

Span, 

Feet. 

Fiber Stress, Pounds per 
Square Inch. 

16000 

14000 

12500 

16000 

14000 

12500 

16000 

14000 

12500 

I 

0.017 

0.014 

0.013 

16 

4-237 

3.708 

3.310 

31 

15.906 

13.918 

12.427 

2 

0.066 

0.058 

0.052 

17 

4.783 

4.186 

3-737 

32 

16.949 

14.830 

13.241 

3 

0.149 

0.130 

O.I 16 

18 

5.363 

4.692 

4.190 

33 

18.025 

15.772 

14.082 

4 

0.265 

0.232 

0.207 

19 

5-975 

5.228 

4.668 

34 

19.134 

16.742 

14.948 

5 

0.414 

0.362 

0.323 

20 

6.621 

5-793 

5-172 

35 

20.276 

17.741 

15.841 

6 

0.596 

0.521 

0.466 

21 

7.299 

6.387 

5.703 

36 

21.451 

18.770 

16.759 

7 

O.81I 

0.710 

0.634 

22 

8.01 1 

7.010 

6.259 

37 

22.659 

19.827 

17.703 

8 

1.059 

0.927 

0.828 

23 

8.756 

7.661 

6.841 

38 

23.901 

20.913 

18.672 

9 

I.34I 

I-I 73 

1.047 

24 

9 534 

8.342 

7.448 

39 

25-175 

22.028 

19.668 

10 

1.655 

1.448 

1.293 

25 

10.345 

9.052 

8.082 

40 

26.483 

23.172 

20.690 

II 

2.003 

1.752 

1.565 

26 

11.189 

9.790 

8.741 

41 

27.824 

24.346 

21.737 

12 

2.383 

2.086 

1.862 

27 

12.066 

10.558 

9427 

42 

29.197 

25.548 

22.810 

13 

2.797 

2.448 

2.185 

28 

12.977 

11-354 

10.138 

43 

30.603 

26.779 

23.909 

14 

3.244 

2.839 

2-534 

29 

13.920 

12.180 

10.875 

44 

31-954 

*8.039 

25.034 

*5 

3-724 

3 *59 

2.909 

30 

14.897 

13.034 

11.638 

45 

33-517 

29.328 

26.185 


To find the deflection in inches of a section symmetrical about the neutral axis, such as beams, 
channels, zees, etc., divide the coefficient in the table corresponding to given span and fiber stress 
by the depth of the section in inches. For unsymmetrical sections, such as angles and channels 
laid flat, divide the coefficient by twice the distance from neutral axis to most extreme fiber. 
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TABLE 19 . 

Moments of Inertia of Two Channels, Both Axes. 
Flanges Turned Out, Distances from Back to Back. 


Properties 
of Two Channels, 
Flanges Turned Out. 


For Distances 
Measured from 
Back to Back. 


Area a [s 
lx-3[s ! 
Flange a [s 



(/• 

7" 

8" 

9" 

9.00 

8.2 

10.50 

».» ! 

12.25 

ll.S 13-75 i^>.25 

13.4 15.00 

5.26 

4.76 


6.14 

5-70 

7.16 

6.70 8.04 9.52 

7.78 8.78 

17 6 

26.0 


30.2 

42.2 

48.2 

64.6 71.6 79.6 

94.6 101.4 

3 l 

4 


4 i 

4 l 

4 i 

4i 4} 5 

5 5 


Moments of Inertia of a Channels About Axis Y-Y for Various Distances Back to Back. In.'*. 


48.4 

65.5 

519 

70.2 

55-5 

59.2 

75*^ 

80.1 

63.0 

85.1 

67.0 

90.5 

71. 1 

96.0 

75-3 

101.7 

79-6. 

107.5 

84.0 

113 .S 

88.6 

119.7 

93-3 

126.1 

98.1 

132.6 

103.0 

139.3 

108.0 

146.1 

II 3.2 

153.1 


64.6 83.1 


25.8 32.0 

28.8 35.8 

32.0 39-7 

35.4 44.0 

38.9 48.4 

42.6 S3.1 

46.5 58.0 

50.6 63.1 

54.8 68.4 

59.2 74.0 

63.8 79.8 

68.6 85.8 


78.7 98.5 

84.0 105.2 

89.5 1 12. 1 


189.1 1 77. 1 

197.7 185.1 232.5 

206.5 193.3 242.8 

215.5 201.6 253.3 

224.7 2 10. 1 264.1 

234.1 Z 18.8 

243.6 227.7 286.2 

253.4 236.7 297.6 

263.4 246.0 309.3 


37-3 44-0 j 

41.6 49.0 

46.1 54.4 

50.9 60. 1 

55.9 66.0 

61.2 72.3 

66.8 78.9 

72.6 85.7 

78.6 92.9 

84.9 100.3 

91.5 108. 1 

98.2 1 16. 1 
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TABLE 19. — Continued, 

Moments of Inertia of Two Channels, Both Axes. 
Flanges Turned Out, Distances from Back to Back. 
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TABLE 20. 

Moments of Inertia of Two Channels, Both Axes. 
Flanges Turned In, Distances from Back to Back. 


Properties 
of Two Channels, 
Flanges Turned in. 


^ 1 ^ 


For Distances 
Measured from 
Back to Back. 


7.16 6.72 8.0^ 9.S2 7-78 8.78 11.72 8.94 11.72 

48.2 64.6 71.0 79.6 94.6 IOI.4 I21.2 133-8 IS7.0 

I 18 I iV A f 4 i 

Moments of Inertia of 2 'channels about Axis Y-V for Various Distances Back to iJack. In.^. 


1 



12.25 

II. s 


7.16 

6.72 


48.2 

64.6 


I 

A 

Moments of 

■ Inertia of 

i 

66.0 

5^-9 i 


71*4 

64.9 1 


77*1 

70.2 1 


83.0 

75.6 i 


89.2 

81.2 ; 


95*5 

87.0 

’ 

102. 1 

931 


108.9 

99*4 1 


1 16.0 

105.8 ! 


123.2 

112,5 1 


130.7 

119.4 1 

; 1 138.4 

. 26.5 ! 


218.4 265,0 


267.8 339*9 


268.5 

325-6 

385*3 

279.1 

338.5 

400.5 

289.9 

3S«-7 

416.1 

301.0 

365-1 

43 -*o 

312.3 

378-7 

448.1 

323.8 

392.6 

464.5 

335*5 

406.8 

481.3 

347-4 

421.2 

498.3 

359*5 

435*8 

S«5-7 

371.9 

450.7 

S33-3 

384*4 

465-9 

S5I-3 

397.2 

481.3 

569.5 

410.1 

497-0 

588.1 



273*1 363.5 

285.4 379.9 

298.1 396.7 



414.5 

472.0 

629.9 

428.8 

488.2 

651.5 

443.3 

504.7 

673-5 

458.0 

521.4 

695-8 

473*0 

538.4 

718.6 


573*3 765.1 

591.2 788.9 

609.3 813.1 
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TABLE 20. — Continued, 

Moments of Inertia of Two Channels, Both Axes. 
Flanges Turned In, Distances from Back to Back. 



For Distances 
Measured from 
Back to Back. 


s Y-V' for Various 

Distances 

Back to F 

lack. In.^ 


288.^ 

300.4 

343-7 

385-5 

424.6 

461.9 

307.1 

319.8 

366.0 

410.4 

1 452-2 

492.1 

326.3 

339-9 

388.9 

436.3 

1 480.8 

523-4 

346.2 

360.6 

412.6 

462.9 

j 510.3 

555-7 

366.7 

381.9 

437-0 

490.4 

1 540.7 

589.0 

3S7-9 

403.9 

462.2 

518.7 

1 572.0 

623.3 

409.6 

426.5 

488.1 

547-8 

604 2 

658.6 

432-0 

449.8 

514-7 

577-8 

637-4 

694.9 

455-0 

473-7 

542.1 ■ 

608.5 

671.3 

732.2 

478.6 

498.3 

570.2 

640.2 

706.5 

770.6 

502.8 

523-5 


672.6 

742.4 

809.9 


739-9 8i7-o 

774-9 855-7 

810.6 895.3 

847.2 935.8 

884.6 977.3 

922.8 1019.6 

961.9 1062.9 
IOOI.8 1107. 1 


891.7 

9341 

977-5 

102 1. 9 

10 7.3 

1113.8 

1161.2 

1209.7 

1259.1 

1309.6 

1361.1 

1413.6 

1467.1 

1521.7 

1577.2 

1633.7 

1691.3 

1749.9 

1809.4 

1870.0 
193 1-7 
19943 

2057.9 

2122.5 

2188.2 

2254.8 

2322-5 

2391.2 

2460.8 

2531.6 

2603.3 

2676.0 

2749.8 





TABLE 21. 

Moments of Inertia of Two Channels, Both Axes. 
Flanges Turned In, Distances Inside to Inside of Web. 


Properties 
of Two Channels, 
Flangres Turned In. 




For Distances 
Measured from 
Inside to Inside of Web. 



8 

9 

12.25 

11.50 

1375 

16.25 

13.4 

15.00 

7.16 

6.70 

8.04 

9.52 

7.78 

8.78 

48.2 

64.6 

71.6 

79.6 

94.6 

101.4 

1 

A 

1 

li 

A 

A 


8.93 11.72 

13^.8 157.0 


Moments of Inertia of 2 Channels About Axis Y-Y for Various Distances Inside to Inside of Wei 

59.1 80.4 

63.7 86.4 

68.4 92.7 

73.4 99.2 

78.5 105.9 

83.8 112.8 

89.3 120,0 

95.0 127.4 

00.8 135.0 

06.9 142.8 

13. 1 150.9 

19.4 159.2 

26.0 167.7 



132.7 i 

139.6 

14.6.7 

176.4 

185.4 
1Q4..6 

154.0 

161.5 

204.0 

213.6 

169.1 

223.5 

176.9 

233.6 

184.9 

243*9 

193.0 

201.4 

209.9 

254*5 

265.2 

276.2 

218.6 

287.4 

227.4 

298.9 

236.5 

245*7 

255*1 

I 310*5 

1 322.4 

' 334*5 

264.7 

346.9 

274*5 

359*4 

284.4 

372.2 

294*5 / 

385*2 


236.8 

289.5 

247.8 

302.7 

259.0 

i 316-3 


429.9 558.9 



178.9 

209.2 

2 

97*7 

188.3 

220.0 

3 

12.6 

197*9 

231*1 

3 

27.8 

207.7 

217.8 

242.4 

254.0 

3 

3 

43*4 

59*4 

228.1 

265.9 

3 

75*7 

238.7 

278.0 

3 

92.4 

249.5 

290.4 

m 


260.6 

303.2 

426.9 

271.9 

3 16.2 

444 7 

283.4 

329*4 

462.8 

295.2 

342.9 

481.3 

307*3 1 

356.7 

500.2 


332.0 



3 » 4 -S 

445-4 

621.3 

398.3 

1 461.1 

642.8 


455*6 732.4 



336.6 

350.4 

468.2 

486.8 

364.4 

505.8 

378.7 j 

525.1 

393.3 

408.1 

544.8 

564.9 

f ft r A 

423*3 

438.7 

505*4 

606.2 

454*4 

627.4 


486.6 

503*1 

670.9 

693.2 


910.4 I 1173*8 
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TABLE 21. — Continued. 

Moments of Inertia of Two Channels, Both Axes. 
Flanges Turned In, Distances Inside to Inside of Web. 


Properties 
of Two Channels, 
Flanges Turned in. 



For Distances 
Measured from 
Inside to Inside of Web. 


Area 2[s 

Ix-2[s 

Webafs 


XJ " 

*5" 

20.7 

25 

3 ^ 

35 

40 

33 9 

35 

40 

-45 

50 

55 

12.06 

256.2 

A 

11.64 

287.0 

1 

17.58 

322.4 

X 

20.52 

23.46 

393.0 

19.80 

625.2 

20.46 

637.4 

i 

23.40 

602.6 

26.34 

747.8 

li 

29.28 

802.8 

32.22 

858.0 

x| 


Moments of Inertia of a Channels about Axis Y-V for Various Distances Inside to Inside of Wtbs. In.<. 


208.2 ! 

220.7 
233-5 

246.7 

260.4 
274-3 

288.7 

303-4 

3 18.6 
334-0 

350.0 

366.1 

382.8 

399.8 

417.2 
434-9 

453-0 

471.6 

490.4 

509-7 

529.3 

549-4 

5^9.7 

590.5 

611.7 
633.2 

655.1 

677.4 

700.0 

723.0 

746.5 

770.2 

794.4 

818.9 

843.9 
8^.1 

894.8 

920.9 

947.3 

974-1 

1001.3 

1028.8 

1056.8 
1085.1 
1113.7 


350.3 

370.9 

392.2 

414.0 

436.5 

459.6 
4«3.4 

507.7 

532.7 

558.3 

584.5 

611.3 

638.7 

666.8 
69.>-5 
724.8 

754-7 

785-2 

816.4 
848.2 

880.5 

913.5 

947-2 

981.4 

1016.3 

1051.8 

1057.9 

1124.6 

1161.9 

1199.9 

1238.5 

1277.7 

1317.5 

1357.9 

1399.0 

1440.6 

1482.9 

1525.8 

1569.4 

1613.5 

1658.3 

1703.7 

1749.7 

1796.3 

1843.5 


441.8 

518.0 

467.1 ; 

547-1 

493-2 I 

577.0 

519-9 1 

607. 8 

547-4 

639.4 

575-7 

671 .8 

604.7 

705-0 

634-4 

739-1 

664.8 

774.0 

696.0 

809.7 

727.9 

846.3 

760.6 

883.6 

794-0 

921.8 

828.1 

960.9 

862.9 

1000.7 

898.5 

1 1041.4 

934-9 

10S2.9 

971-9 1 

1125.3 

ioo).7 

1 168.5 

1048.2 

1212. 5 

10S7.6 

1257-3 

1127.6 

1302.9 

1 168.3 

1349.4 

1209.8 

1396-7 


596.4 , 

629.4 

663.2 

698.0 

733.7 

770.3 

807.9 

846.4 

8B5.7 

926.0 

9^7-3 

1009.4 ! 

1052.5 ; 
I ©<76.4 I 
ii.ii.3 I 

1187.2 

1233.9 

1281.5 
1330.1 

1379.6 

1430.0 

1481.4 

1533-6 

1586.8 

1640.9 

1695.9 

1751-9 

1808.7 

1866.5 

1925-1 

1984.8 

2045.3 

2106.7 

2169.1 

2232.4 

2296.6 

2361.7 

2427.8 

2494.7 
2562.6 

2631.4 

2701. 1 

2771.8 
2843.3 

2915.8 


678.2 

715-I 

753-0 

791.9 

831.8 

872.7 

914.6 

957-6 

1001. 5 

1046.5 

1092.4 

1139.4 

1187.4 

1236.4 

1286.4 
1337-5 

1389.5 

1442.5 

1496.6 

1551.7 

1607.8 

1664.9 

1723.0 

1782.1 

1842.2 

1903.4 

1965-5 

2028.7 

2092.8 

2158.0 

2224.2 

2291.4 

2359.6 

2428.9 

2499.1 

2570.4 

2642.6 

2715-9 

2790.2 

2865.5 

2941.8 
3019.1 

3097.5 

3176.8 

1 3257.1 




TABLE 22. 

BRO^EitTiES tie Two Channels, Spaced Small Distances. 


Properties 
of Two Channels. 
Flanges Turned Out 


I 

. j-..- 

J -'t ‘tL 


For Distances 
Measured from 
Back to Back. 


Axis X-X. 


In.* In. I In> 


3.2 1. 17 
3-0 1. 1 2 

4.2 1.08 

7.6 

8.2 
9-0 1.46 


9.8 5.70 


17.6^ 
26.0 j 

- - 

1.83 

2.34 

• ' 7 

2.5 

2.7 

0.68 

0.74 

30.2 

2.21 

3-3 

0.73 

34.6 


4.2 

0.74 

42.2 

2.72 

3-7 

0.80 

48.2 

2.59 

44 

0.78 

54.2 

2.50 

5-3 

0.78 

64.6 

3. II 

4.9 

0.85 

71.6 

2.98 

5.6 

0.83 

79.6 

2.89 

6.5 

0.83 

94.6 

3-49 

6.4 

0.90 

IOI.4 

3.40 

70 

0.89 

I 2 I .2 

3.21 

8.9 

0,87 

133.8 

3-87 

8.2 

0.96 

157.0 

3.66 

lO.O 

0.92 

181.4 

3.52' 

12.4 

0.92 

206.0 

342 

15.2 

0.93 

230.4 

3 - 3 S 

19.2 

0.96 

256.2 

4.61 

134 

1.05 

287.0 

443 

1 15.8 

1.03 

322.4 

' 4.28 

i 18.5 

1.02 

357.6 

4.17 

j 21.7 

1.02 

393.0 

4.09 

'1 25.5 

1.04 

623.2 

5.62 

1 28.8 

1,20 

637.4 

1 5.58 

1 , 29.8 

1.20 

692.6 

i 543 

1 33-1 

1. 18 

747.8 

i 5-32 

-j 37-1 

1. 18 

802.8 

5-23 

: 41.2 

1. 18 

q 

06 

QO 

^ 5 - 1 ^ 

> 46.1 

1. 19 
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Size of Angle 


TABLE 23 

Properties of Equal Leg Angles 
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TABLE 23 . — Continued 

Properties of Equal Leg Angles 



46 












TABLE 23 . — Continued 
Properties of Equal Leg Angles 


1 

*0 

1 

Thickness 

Weight per Foot 

Area 

Distance 
from 
Center 
of Gravity 
to Back 

X 

1- 

3 

(1 / 
— 1 — — . 

1 

Least 
Radius of 
Gyration 

Maximum 
Bending 
Moment 
@ 16,000 

Lb. per 

Sq. In. 


— 

x' 

A 

1 


Moment 
of Inertia 

Section 

Modulus 

Radius of 
Gyration 

Axis 3-3 

Axis i-i 

X 

It 

Si 

ri 

r» 

Ml 

Inches 

Inches 

Pounds 

Inches* 

Inches 

Inches* 

Inches* 

Inches 

Inches 

Foot- 

Pounds 

2X2 

A 

5-3 

1.56 

.66 

•54 

.40 

•59 

•39 

530 


i 

47 

1.36 

.64 

.43 

•35 

•59 

•39 

470 


A 

3.92 

1. 15 

.61 

•42 

.30 

.60 

•39 

400 



3.19 

•94 

•59 

•35 

•25 

.61 

•39 

330 


A 

2.44 

•71 

•57 

.28 

.19 

.62 

.40 

250 


i 

1.65 

.48 

•55 

•19 

•13 

.63 

.40 

170 

ifxii 

A 

4.6 

1.34 

•59 

•35 

.30 

•51 

•33 

400 


i 

3-99 

1. 18 

•57 

•31 

.26 

•51 

•34 

350 


A 

3-39 

1. 00 

•55 

•27 

23 

•52 

•34 

310 


1 

i 

2 77 

.82 

•53 

•23 

•19 

•53 

•34 

250 


A 

2.12 

.63 

•51 

.18 

•14 

•54 

•35 

190 


i 

1.44 

•43 

.48 

•13 

.10 

•55 

•35 

130 

iJXiJ 

1 

3-35 

•99 

•51 

.19 

.19 

•44 

.29 

250 


A 

2.86 

.84 

•49 

.16 

.16 

•44 

.29 

220 


\ 

2.34 

.69 

•47 

.14 

.134 

•45 

.29 

180 


A 

I. So 

•53 

•44 

.11 

.10 

.46 

.29 

140 


i 

1.23 

.36 

.42 

.078 

.072 

.46 

•30 

90 

•ixii 

A 

2-33 

.68 

•42 

.091 

.109 

.36 

•23 ' 

150 


i 

1.92 

.56 

.40 

.077 

.091 

•37 

.24 

120 


A 

1.48 

.43 

.38 

.061 

.071 

•38 

•24 

90 


i 

'■V 

•30 

•35 

.0^4 

.049 

•38 

•25 

70 

liXit 

A 

1.32 

•39 

•35 

.044 

•057 

•34 

.22 

75 


* 

.91 

•27 

•33 

.032 

.040 

•34 

.22 

SO 

iXl 

i 

1.49 

•44 

•34 

.037 

.056 

.29 

•19 

75 


A 

1. 16 

•34 

•32 

.030 

.044 

.30 

•19 

60 


i 

,8 

•23 

.30 

.022 

.031 

•31 

.20 

40 


.109 

71 

.21 

.29 

.020 

.028 

•31 

.20 

40 

ixi 

A 

1. 00 

.30 

.29 

.019 

.033 

.26 

.18 

40 


i 

70 

.21 

.26 

.014 

.023 

.26 

.19 

30 


A 

•53 

.16 

•25 

.oil 

.018 

•27 

.20 

20 

Jx} 

A 

.84 

•25 

.26 

.012 

.024 

.22 

•15 

32 


t 

•59 

.18 

•23 

.0088 

.017 

•23 

•15 

23 


A 

•45 

.14 

.22 

.0069 

.013 

.23 

•15 

17 

fxl 


.48 

•IS 

.20 

.0048 

.0113 

.18 

.12 

15 


A 

•37 

.11 

.19 

.0038 

.0088 

•19 

.12 

II 

JXJ 

I 

.38 

.11 

•17 

.0023 

.007 

■IS 

.10 

9 


A 

.29 

.085 

.16 

.0019 

.0055 

•IS 

.10 

7 


47 
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TABLE 25 
Areas of Angles 


8' X8' 775 8.68 9.61 10.53 11.44 12.34 13*23 14*12 15.00 15.87 16.73 

6 X6 4.365.065.75 6.437.11 7.78 8.44 9.09 9.73 10.37 I i.oo 

5 XS 3.614.184.755.315.86 6.40 6.94 7.47 7.98 8.50 9.00 

4X4 2.402.863.313.754.184.61 5.03 5.44 5.84 

3JX3J 2.092.482.873.253.623.98 4.34 4.69 5.03 

3 X3 1.441.782.112.432.753.063.36 

2iX2i 1. 31 1.62 1.92 2.22 2.50 

2iX2i — 0.90 1. 19 1.47 1.73 2.00 2.25 

2lX2i ... 0.81 1.06 1.3 1 1.55 1.78 2.00 

2X2 .... 0.71 0.94 1. 15 1.36 1.56 

iJXii .... 0.62 0.81 1.00 1.17 1.34 

liXii 0.360,530.690.840.98 

liXi} 0.300.430.560.68 



Areas in Square Inches 
Dimensions in Inches 


Angles with Equal Legs 


Angles with Unequal Legs 


i lAl i lAl J lAli 


I i i* li 


4.405.005.596.176.75 7.31 7.87 8.42 8.97 9.50 

..5.614.184.755.315.866.40 6.94 7.47 7.98 8.50 9.00 
..3.423.974.505.035.556.06 6.56 7.06 7.55 8.03 8.50 

• ■ 3-13 3'75 4-25 4-75 5-23 572 6.19 6.65 7.1 1 

563.053.534.004.474.925.37 5.81 6.25 6.67 

402.863.31 3.754.184.61 5.03 5.44 5.84 

252.673.093.503.904.304.68 5.06 5.43 



2.09 

2.48 

2.87 3.25 3.62 3.9s 

4.34 


1.93 

2.30 2.65 3.00 3.34 3.67 

4.00 

1.44 

1.78 

2.I1' 

2-43 2.75 3.06 3.36 3.65 

I.3I 

1.62 

1.92 

2.22 2.50 2.78 . . 


I.IO 

1.17 


2.00 2.25 


I • sy 

1.06 

I.3I 

* • / j 

1*55 

1.78 2.00 







TABLE 26 
Weights of Angles 


Angles with Equal Legs 

Wkxqhts in Pounds per Foot 

Dimensions in Inches 

Size 

i 

A 

i 

A 

I 

A 

i 

A 

1 

H 

i 

a 

i 

a 

/ 

/A 

ti 

Size 

8'X8' 

6 X6 

5 XS 

4 X 4 
3 iX 3 i 

3 X 3 
2iX2i 
2iX2i 
2iX2i 

2 X2 

lixii 

iJXiJ 

UXii 

IXI 




8.2 

7-2 

6.1 

5.6 

5.0 

45 

3.9 

3.4 

2.9 

2.3 

14.9 

12.3 

9.8 

8.5 

7.2 

6.6 

5-9 

5-3 

4.7 

4.0 

3-4 

17.2 

14.3 

11.3 

9.8 
8.3 

7.6 

6.8 

6.1 

5*3 

4.6 

26.4 

19.6 

16.2 

12.8 

11 1 

9.4 

8.5 

7.7 

6.8 

29.6 

21.9 

18. 1 

X 4-3 

12.4 

10.4 

32.7 

24.2 

20.0 

15.7 

13.6 

IX.5 

35.8 
26.5 

21.8 

X7.I 

14.8 

38.9 

2S.7 

23.6 

18.5 

16.0 

42.0 

31.0 

25-4 

19.9 

17.X 

45.0 

33.1 

27.2 

48.1 

35-3 

28.9 

51.0 

37-4 

30.6 

54.0 

56.9 

S'XS' 

6 X6 

S X 5 

4 X 4 
3 iX 3 J 

3 X 3 

2iX2j 

2JX25 

2}X2i 

2 X2 
ijxii 
lixij 
»ixii 

1 Xl 











4-9 

45 

4.1 
3.6 

3.2 

2.8 

3-3 

1.9 

i-S 

















3-1 

2.8 

2.4 

2.1 

1.8 

x-S 

T ? 










































1.2 

I.O 




























.... 







.... 




1 1 



1 

! 





Angles with Unequal Legs | 

Size 

i 

A 

X 

4 

j 

IS 

t \ i6 


9 

T6 

5 

i 

XX 

1C 

4 

1 ^ 

1 <> 

7 

6 

lb 

/ 



Size 

7 'X 3 i' 
6 X 4 

6 X 3 i 

5 X 4 

S X 3 J 

5 X 3 

4 X 3 i 

4 X 3 
3 §X 3 
3 iX 2 i 

3 X2l 

3 X2 
2iX2 


.. .. 

.... 

8.7 

8.2 

7.7 

7.2 

6.6 

6.1 

5.6 

S.o 

4‘5 

...jij.o 
12.3 14.3 

11.7 « 3-5 

I I.O 12.8 

10.4 12.0 

0.8 II. ^ 

17.0 

16.2 

X 5.3 

14.5 

13.6 

12.8 

1 1.9 

11. 1 

10.2 

9.4 

8.5 

7.7 

6.8 

19. 1 

18.1 

17.1 

16.2 

15.2 

14.3 

X 3-3 

12.4 

1 1.4 

10.4 

9-5 

21.0 

20.0 

18.9 

17.8 

16.8 

157 

X 47 

13,6 

12.5 

XX.5 

23.0 

21.8 

20.6 

19.5 

18.3 

17.1 

16.0 

14.8 

13.6 

12.5 

24.9 

23.6 

22.4 

21. 1 

19.8 

18.5 

X7.3 

16.0 

X 4.7 

26.8 

25.4 

24.0 

22.7 

21.3 

19.9 

18.5 

17.1 

15.8 

28.7 

27.2 

257 

24.2 

22.7 

30.5 

28.9 

27.3 

32.3 

30,6 

28.9 



.... 

. . . . 

rxiV 

6 X4 

6 X 3 i 

5 X4 

5 X 3 i 

S X 3 

4 X3J 

4 X3 
3 iX 3 
3 lX 2 j 

3 X2i 

3 X2 
2}X2 




9.1 

8.5 

7.9 

7.2 

6.6 

5-9 

5.3 

10.6 

9.8 

9.x 

8.3 

7.6 

6.8 

6.1 



















































M 











pBI 










Size 

i 

B 



m 





\ 

H 

1 

H 

T 

iA 


Size 


54 





TABLE 27 

Overrun of Pencoyd Angles 


Overrun of Angles in Inches j 

Sire of 
Angle 

Thickness in Inches 

Inches 


lA 

I 


i 


.1 

4 

11 

1 6 

5 

‘ 

9 

TS 

i 

7 

rs 

3 

8 

5 

16 

i 

A 

i 

8 X8 

.3 

A 

i 

1 

A 

i 

0 

„2 

0 

.1 

1 

A 

0 

0 







6 X6 



iV 

1 

T6 

0 

0 


0 

A 

1 

0 





4 X4 

35 X 3 } 

3 X3 
2}X2] 

2 X2 





1 


1 

A 

iV 

0 

A 

0 













i 

0 

J 

A 

0 

0 





























A 

i 

. 3 . 

2 

A 

A 

0 














3 

2 

0 


i5xi} 

liXlJ 

8 X6 

7 X3t 
6 X 4 

6 X 35 

5 X 4 

5 X 35 

5 X3 

4 X 35 
4 X 3 
35X3 

35 X 25 

3 X 2 I 

1 X2 
2 JX 2 

2 Xlj 













V 

1 

A 

0 














1 

A 

A 

0 



J 

A 

iV 


-X 

1 

A 

\ 


0 









i 

A 

A 

A 

1 

1 

4 

0 

.3 


A 

1 

1 

; 0 

0 








A 

3 

1 

1 

c 

.1 

0 







A 

a 

1 

-3^ 

i 

i 

A 

J. 

0 

10 

0 










A 

i ^ 
1 : 

0 

0 


.... 








. . . .j 

] 

V 

A 

1 

A 

0 










1 

iV 

j 0 

? 

! A 

0 










1 

1 6' 

1 1 

A 

0 

1 1 


0 











* 

1 

A 

0 

J 

i A 

0 

i 













! . 

i ••• 

! 








_ _ ’ ' J 





A 

1 

j A 1 

0 

' 0 














A 

1 0 

A 

-2. 

0 












1 

.... 


1 

3 

! J 

0 











1 


_5_ 

V 

1 

Y 

A 




1 












! 

1 ° 









... 1 





1 

i 


' 1 


55 





TABLE 28 

Overrun of Pennsylvania Steel Co. Angles 


Overrun of Angles in Inches 


Size of 
Angle 


Inches 


Thickness in Inches 


It lA I H i tt J tt I A i iAi M Ai 1 A i 


Maximum Length of Angles 


Feet 


8 X8 
6 X6 

5 X5 
4iX4i 

4 X4 
3iX3i 

2jX2i 

2iX2i 

2 X2 
lixii 

8 X6 

6 X4 
6 X3i 

5 X4^ 
5 X3Ji 
5 X3 
4lX3 
4 X3i 
4 X3 
3iX3 
3iX2i 

3 X2i 
3 Xi 


i 


A A 
i I A 


A. 


56 for ij" to 105 for J" 
88 for i" to 105 for A'' 
70 
70 
70 
70 
70 

35 for to 50 for A'" 

50 

SO 

SO 

63 for li" to 105 for J" 

70 

70 

70 

70 

70 

70 

70 

70 

70 

70 

70 

6S 





TABLE 29 . 

Caknbgib Angles. 

Net Aeeas and Allowable Tension Values in Thousands of Pounds. 

Mavimiim .A* «-k . ^ . 


Size, 

Inches 

Thick- 

ness. 

Inches. 

Weight 
per Foot, 
Pounds. 

Area, 

Inches*. 

8 X 8 

I 

SI.O 

15.00 

8 X 8 

H 

48.1 

14.12 

8 X 8 

i 

45.0 

13.23 

8 X 8 

u 

42.0 

12.34 

8 X 8 

i 

38.9 

11.44 

8 X 8 

a 

35.8 

10.53 

8 X 8 

i 

32.7 

9.61 

8 X 8 

A 

29.6 

8.68 

8 X 8 

i 

26.4 

775 

8 X 6 

I 

44.2 

13.00 

8 X 6 

il 

41.7 

12.25 

8 X 6 

i 

39-1 

1 1.48 

8 X 6 

li 

36.5 

10.72 

8 X 6 

i 

33.8 

9.94 

8 X 6 

H 

31.2 

9.15 

8 X 6 

i 

28.5 

8.36 

8 X 6 

A 

257 

7.56 

8 X 6 

i 

23.0 

6.75 

8 X 6 

A 

20.2 

5-93 

6 X 6 

1 

33*1 

973 

6 X 6 

« 

310 

9.09 

6 X 6 

i 

28.7 

8.44 

6 X 6 

H 

26.5 

7.78 

6 X 6 

1 

24.2 

7.11 

6 X 6 

A 

21.9 

6,43 

6 X 6 

i 

19.6 

575 

6 X 6 

A 

17.2 

5.06 

6 X 6 

I 

X 4.9 

4.36 

6 X 4 

1 

27.2 

7.98 

6 X 4 

H 

25-4 

7-47 

6 X 4 

i 

23.6 

6.94 

6 X 4 

t* 

21.8 

6 40 

6 X 4 

i 

20.0 

5.86 

6 X 4 

A 

18.1 

5-31 

6 X 4 

} 

16.2 

4-75 

6 X 4 

A 

14-3 

4.18 

6 X 4 

i 

12.3 

3.61 

5 X 3 J 

I 

16.8 

4.92 

5 X 3 i 

A 

15-2 

4-47 

SXji 

1 

13.6 

4,00 

SX 3 i 

A 

12.0 

3-53 

5 X 3 J 

1 

10.4 

3 05 

5 X 3J 

A 

8.7 

2.56 

5 X 3 

§ 

12.8 

375 

S X 3 

A 

11.3 

3-31 

5 X 3 

1 

9.8 

2.86 

SX3 

A 

8.2 

2.40 


Net Areas and Stresses — Two Holes Deducted. 


i Inch Rivets. 


Area, 

Inches*. 


13.00 
12.24 
11.48 
10.72 

9.94 
9.16 
8.36 
7 55 
67s 

1 1. 00 
10.37 

9 73 

9.10 
8.44 
7.78 

7.11 
6.43 
5-75 
505 

7.98 

7 47 

6.94 
6.41 
5.86 

5.30 

4- 75 
4.18 
361 

6.23 

5.85 
5*44 

5- 03 
4.61 
4.18 
3 75 
3-30 

2.86 

3.67 

3*34 

3.00 
2.65 

2.30 
1.93 

^•75 

2-43 

2.11 
1-77 


Stress. 


208.0 
195.8 

183.7 

171.5 

159.0 

146.6 

133.8 

120.8 

108.0 

176.0 
165.9 

*55-7 

145.6 

135.0 

124.5 

113.8 

102.9 

92.0 

80.8 

127.7 

119.5 

1 1 1.0 

102.6 
93-8 

84.8 

76.0 

66.9 

57.8 

997 

93.6 

87.0 
80.5 

73.8 

66.9 

60.0 

52.8 

45.8 

58.7 

53-4 

48.0 

424 

36.8 

30.9 

44.0 

38-9 

33.8 
28.3 


I Inch Rivets. 


Area, 

Inches*. 


13.25 
12.48 
11.70 
10.92 
10.13 

9-33 

8.52 

770 

6.87 

11.25 
10.61 

9-95 

9-30 

8.63 

7-95 

7-27 

6.58 

5.87 
5.16 

8.20 

767 

713 

6.58 

6.02 

5*45 

4.87 
4.29 

370 


Stress. 


212.0 

1997 

187.2 

1747 

162.1 

149.3 

136.3 

123.2 

109.9 

180.0 

169.8 

159-2 

148.8 

138.1 

127.2 

116.3 

105.3 

93-9 

82.6 

131.2 
122.7 
114.1 

105.3 
96-3 

87.2 

77.9 

68.6 

59-2 


t Inch Rivets. 


Area, 

Inches*. 


8.67 

7.84 

7.00 


7.42 

6.72 

6.00 

5-27 


6.17 

5-59 

5.00 

4.40 

3.80 


6.45 

103.2 



6.05 

96.8 



5-63 

90.1 



5.20 

^.2 



4-77 

76.3 

4.92 

78.7 

4-33 

69.3 

4-47 

71-5 

3.87 

61.9 

4.00 

64.0 

3.41 

54.6 

3-52 

56.3 

2.95 

47.2 

3.05 

48.8 

3.83 

61.3 

3 98 

637 

3-49 

55.8 

3-63 

58.1 

3.12 

49-9 

325 

52.0 

2.76 

44.2 

2 87 

45-9 

2.39 

38.2 

2.49 

39.8 

2.01 

32.2 

2.09 

334 

2.87 

45-9 

3-00 

48.0 

2.54 

40.6 

2.65 

42.4 

2.20 

.35-2 

2.30 

36.8 

I 8s 

29.6 

1-93 

30.9 


Stress, 


1387 
125.4 
1 12.0 


118.7 

IO7.S 

96.0 

84.3 


98.7 

89.4 
80.0 

70.4 

60.8 


57 




TABLE 29 . — Continued, 

Carnegie Angles. 

Net Areas and Allowable Tension v^alues in Thousands of Pounds. 

Maximum Fiber Stress, 16,000 Pounds per Square Inch. 


Size. 

Inches. 

Thick- 

ness, 

Inches. 

Weight 
per Foot, 
Pounds. 

Area, 

Inches*. 

Net Areas and Stresses — One Hole Deducted. | 

i Inch Rivets. 

J Inch Rivets. 

1 Inch Rivets. 1 

Area, 

Inches*. 

Stress. 

Area, 

Inches*. 

Stress. 

Area, 

Inches*. 

Stress. 

6X6 

1 

33.1 

9-73 

8.85 

141.6 

8.96 

14.3.4. 



6X6 

5 

H 

31.0 

9.09 

8.28 

132.5 

8.38 

134. I 



6X6 

1 

1».7 

8.44 

7.69 

123.0 

7.78 

124.5 



6X6 

H 

26.5 

7.78 

7.09 

113-4 

7.18 

1 14.9 



6X6 

1 

24.2 

7.II 

6.48 

103.7 

6.56 

105.0 

6.64 

106.2 

6X6 

rV 

21.9 

6.43 

5.87 

93-9 

5*94 

95.0 

6.01 

96.2 

6X6 

i 

19.6 

5.75 

5-25 

84.0 

5-31 

85 0 

5-37 

85.9 

6X6 

A 

17.2 

5.06 

4.62 

73-9 

4.68 

74*9 

473 

757 

6X6 

i 

14-9 

4.36 

3.98 

63.7 

4.03 

64-5 . 

4.08 

65.3 

6x4 

i 

27.2 

7.98 

7.10 

113.6 

7.21 

115.4 



6X4 

a 

25.4 

7.47 

6.66 

106.6 

6.76 

108.2 



6X4 

3 

1 

23.6 

6.94 

6.19 

99.0 

6.28 

100.5 



6X4 

a 

21.8 

6.40 

571 

91.4 

S.80 

92.8 




6x4 

1 

20.0 

5.86 

5.23 

837 

531 

85.0 

5-39 

86.2 

6X4 

A 

18.1 

5.31 

4-75 

76.0 

4.82 

77-1 

4.89 

78.2 

6x4 

i 

16.2 

4-75 

4.25 

68.0 

4.31 

69.0 

4-37 

69.9 

6x4 

A 

14.3 

4.18 

3-74 

59.8 

3.80 

60.8 

3 - 8 s 

61.6 

6x4 

i 

12.3 

3.61 

3-23 

517 

3.28 

52.5 

3-33 

53-3 

5 X 3 i 

i 

16.8 

4.92 

4.29 

68.6 

4-37 

69.9 

4-45 

71.2 

5 X Jj 

A 

15.2 

4-47 

3.91 

62.6 

398 

63.7 

4.05 

64.8 

5 X 


13,6 

4.00 

3.50 

56 0 

3-56 

57.0 

3 62 

57-9 

S X 3 i 

A 

12.0 

3-53 

3.09 

49.4 

3-15 

50.4 

3.20 

51.2 

5X3! 

I 

10.4 

3.05 

2.67 j 

42.7 

2.72 

43-5 

2-77 

44.3 

3 X 3 i 

A 

8.7 

2.56 

2.25 

36.0 

2.29 

36.6 

2 33 

37.3 

5X3 

s 

i 

iS -7 

4.61 

3.98 

63.7 

4.06 

65.0 

4.14 

66.2 

X 3 

A 

14.3 

4.18 

3.62 

57.9 

3 -^ 

59-0 

3.76 

60.2 

X 3 

i 

12.8 

3-75 

3.25 

52.0 

3-31 

53.0 

3-37 

53.9 

5 X 3 

A 

11.3 

3-31 

2.87 

45-9 

2.93 

46.9 

2.98 

477 

5 X 3 

1 

9.8 

2.86 

2.48 

39.7 

2.53 

40.5 

2.58 

41.3 

s X 3 

A 

8.2 

2.40 

2.09 

33.4 

2.13 

34.1 

2.17 

347 

A X 4 

i 

iS -7 

4.61 

3.98 

63.7 

4.06 

65.0 

4.14 

66.2 

f X 4 

A 

14.3 

4.18 

3.62 

57-9 

3.69 

590 

3.76 

60.2 

V X 4 

i 

12.8 

375 

3.25 

52.0 

3-31 

53.0 

3-37 

53-9 

4 X 4 

A 

11.3 

3.31 

2.87 

45*9 

2.93 

46.9 

2.98 

477 

4X4 

i 

9.8 

2.86 

2.48 

39 7 

2.53 

40.5 

2.58 

41-3 

4X4 

A 

8.2 

2.40 

2.09 

33-4 

2.13 

34.1 

2.17 

347 

4X4 

1 

6.6 

1.94 

1.69 

27.0 

1.72 

27.5 1 

175 

28.0 

4 X 3 

1 

II. I 

3 25 

2.75 

44.0 

2.81 

45.0 

2.87 

45-9 

4X3 

A 

9.8 

2.87 

2.43 

38.9 

2.49 

39.8 

2.54 

40.6 

4 X 3 

1 

8.5 

2.48 

. 2.10 

33.6 

2 15 

34.4 

2.20 

35*2 

4 X 3 

A 

7.2 1 

2.09 

1.78 

28.5 

1.82 

29.1 

1.86 

29.8 

4X3 

i 

5.8 

1.69 

1.44 

23.0 

1.47 

23.5 

1.50 

24.0 
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TABLE 29. — Continued. 

Carnegib Angles. 

Net Areas and Allowable Tension Values in Thousands of Pounds. 

Maximum Fiber Stress, 16,000 Pounds per Square Inch. 
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Equal Leg Angles 


TABLE 30 

Safe Loads, in Tons, for Equal Leg Angles 
American Bridge Company Standards 


SixB OF Angle 


6"X6" 


5 "Xs" 

4 "X 4 " 

3 rX 3 §' 


Length of Span in Feet 

13345678 

93.493 46.747 31.164 23.373 18.699 15.582 13.356 11.687 10. 
44.640 22.320 14.880 11.160 8.928 7.440 6.377 5.580 4, 
'45.70722.85415.23611.427 9.141 7.618 6.529 5.713 5 
_ 18.827 9.413 6.276 4.707 3.765 3.138 2.689 2.353 _2_ 

’30.933 15-467 10-3 u 7-733 6.187 S-«56 4-4«9 3-867 3 

' 1 2.907 6.453 4-302 3.227 2.581 2.151 1.844 1.6 1 3 ^ 

16.053 8.027 5-35* 4-013 3-211 2.676 2.293 2.0071 I 

I 5 .600 2.800 1.867 I -400 1.120 ^33 ^00 700 

12.000 6.oooj 4.000 3.000 2.400 2.000 1.714 1.500' I 

■ ^-7^0 1360 I .907 .680 .54 4 .453 .388 740 

: 6.933 3-467! 2.311 1.733 «-387 1-156 .990 -867 

1.600 .800 ! .533 400 .320 .267 1 .220 .20 0 

I 4-747 2.373 *-582 1.187 -949 -79«1 -679 -593 


» 10 I II I 12 

388:9.349 8.4997.791 
96014.4644.058 3.720 
078|4-57i;4-I55 3-809 

092 ; 1.883 1 .7J[2 1.569 
437i3-093 2.812 2.578 
_434 1.291 1.173 1:075 
7844.605 1.459 1.338 
622 ; .560 .510' .4^ 
333 1.200 1.091 1.000 
302 ' .2 721 .247' .227 

770, .693jT6^1'T578 
iZ§ ^ . jji? -145 -»33 
527! -475 -43" -396 


i 3-893 

L947; 

1.298! 

-973! 

• 779 j 

.649 

.556 

.487 

-433! -389'; 

1 1-067 

•533' 

•356 

.267 

.213 

.178 

.152 

-133 

.ii8| .107! 


2 rx2i" I 

2"X2" 

lJ"Xli". ^ 
lJ"Xli'' } 
li"Xli" ^ 


i"Xi" 

rxi" 

f"xi" 

l"x}" 


3.093 1.546. 1.031 .7731 .619 -515 -442 -387 

.853 .427 .284 .213 .171 .142 .122 .107 

2.133 1.067; -711 -533 -427 -356 .305 -267' 

-693 -347 : -231 -173 -139 -n6 .099 -087 _ 

1.600 .8ooj .533 .400 .320 .267 .229 .200 

.533 .267 ; .178 j 33 .089 .076 .067 

1.013 .507' .338 .253 .203 .169 .145 .127 

.3S 4 .192 1 .096 .07 7 .064 .055 .048 

.587 .2931 .196 ,147 .117 .098 .084 .073! 

.261 .131; .087 .065 ^52 .044 .037 .03 3 1 

.304 .152! .101 .076 .061 .051 .043 .0381 

.213 .107 ^71 .053 .043 .036 .03 0 .02 7! 

.299 .149 .099 .075 .060 .050 .043 .037 

.149 .0 75 .050 .037 .030 .0 25 .02A ^19 

.176 .088 .059 .044 .035 .029 .025 .022 

.006 .048 ^32 .024 .019 ^16 pi4 ^12 

.128 .064 .043 .032 .026 .021 .018 .Ol6j 

.069 .035 .023 .OIJ .014 .012 .010 .009 ! 

.060 .030 .020 .015 .012 .010 .009 .007 

.047 .023 .016 .012 .009 .008 .007' .006 

.037 .019 .012 ,009 .007 .006 .005; *005 

I .029 .015 .010 .007 .006 .005 .OO4I .004 


344! .3091 .28r .258 
095' .085! .0^ .071 
237: .213 

211 o^ .063 .058 
1781 .i66'7i45j .153 
059 .05 3 .048 .044 

1 13 1 .101 .092 .084 
04.r -038 .035 
^5' 059 .053 .049 
029 ' .026 .024 .022 
034j .030 .028] .025 
024 .021 .019 .018 
0331 .029 .027 .025 
017: .015 .013 
020 .018 .016 .015 
011 ^ .010 .009 .008 
014! .013 .012 .011 
008, .007 .006 .006 
oo7| .006 .005 .005 
0051 .005 .004 .004 
004! .004 .003 .003 
003! .003 .003 .002 


Safe Load in tons of 2000 pounds uniformly distributed, for maximum fiber stress of 16,000 
pounds per square inch. The Safe Load Includes weight of Angle. The Safe Load for Angles of 
intermediate thickness can be assumed as approximately proportional to their area or weight. 






Unequal Lk: Angles 


TABLE 31 

Safe Loads, in Tons, for Unequal Leg Angles 
American Bridge Company Standards 






Unequal Leg Ancles 


TABLE 31 . — Continued 

Safe Loads, in Tons, for Unequal Leg Angles 
American Bridge Company Standards 






Length of Span in Feet 




X 

1 * 

3 

1 4 S 6 1 7 » 9 

10 

1 1 

12 


4 "X 3 i' 



4"X2" I- 


3rX3" 


15 - 573 7787 5 -* 9 i 3-893 
12.267 6.133 4.089 ’ 3.0 67 
6.7203.360 2.240 1.680 
5.333 2.667 1.778 1.333 
15.307 7.653 5.102 3.827 
8.960 4.480 2.987 2.240 
5.333 2.667 1.778 1.333 
3.200 1.600 1.067 .800 
11.6275.813 3.875 2.907 
4 - 0^3 HJiL bPH 
7.413 3707 2-47* 1-853 

2.613 1.307 .871 .653 

3.627 2.418 1.813 
2.027 1013 .675 .5 07 

5.0132. 507 1.671 1.253 
i.44o j .720 .480 .360 

■ju.733'5.867 3.911 2.933 
I 8.S00 4.4 00 2.933 2.200 
I 4, i6o| 2.080 11.387 1.040 
I j^ 093 'ii 47 ii: 03 _L _ 77 i 
i 9 - 867 i 4-933 i 3 -i 89 2467 


•.';47 


3 i"X 2 r' 

I 

* 

3 J 

4.000 2. OOD 
2.187' 1.093 

1-333 

.729 


1 

3 i 

2 

5.600 

2.027 

2.800 

1.013 

1.867 

.675 

3I X2 

1 

4 

3 i 

2 

3.840 1.920 
1.3871 .693 

1.280 

.462 


, 

IT 

3 l 

2 

6.933 3.466 ;2.3ii 
2 .R 27 :I. 4 I 3 l .942 

3l X2 


3 i 

2 

3.360 

1.387 

1.680 

.693 

1.120 

.462 

3 i"xir 

A 1 


2.507 

.693 

1.253 

•347 

.835 

.231 

3 "X 2 H" 

A j 

zli 

6.240|3.i20 

5.54712.773 

2.080 

1.849 

3 "X 2 tt" 

A 

2H 

6.240 3.120 
3.067 2.533 

2.080 

1.689 


•A 

li 

6.133 3-°(>7 

4.373 2-«87 

2.044 

1-458 

3 X2^ 

A 

h 

2-293 

1-653 

I.147 

.827 

.764 

• 55 * 


2.S9S 2 
2.044 L 
1.120 
.889 _ 
2.551 2 
1-493 1 
.889 
-533 
1.938 I 

._^Z 5 - 

1.235 * 

. _d 3 i _ 

1.209 • 

■835 

.240 _ 

1.955 I 

.UZ?1 

.693 

..Jis _ 

1.644 I 
.880 
.666 

_ 

•933 

- _ 

.640 
.231 _ 
1.155 
_d 7 L_ 

.560 

^11 - 

.418 

1. 040 
• _:924 _ 
1.040 

1.022 

I .382 

•275 


,676 1.467 1 
,257 1^100 

•594 -520 
>442 .387 . 
.409 1.233 I 
,754 .660 _ 
.571 .500 
■ 3»2 .273 
.800 .700 
:^?9 _:253 _ 
.548 .4801 

ii 9 ? -jziL 

.990 .8671 
d 24 - 35 3 '. 
.480 .420' 
■198 ■i 73 ‘_ 
.358 .313 
^099 .087 _ 
.891 .780 
792 

.891 .780 

724_^33 _ 

.876 .767 
•625 .547 
.328 .287 
.236 .207 


.730 1.558 1.416 I.: 
.363 1.227 »->l5 
.747 .672 .619 . 
•592 _^31 -485 ^ 
.701 1.531 1.391 1. 
.995 .896 .814 . 

•593 -533 -485 

.355 .320 .297 . 

.291 1.163 1-057 •' 
^ 

.824 .741 .674 .1 
J!90 .261 _^'\7 _z 
. M ) .725 .659 . 
^ Z2 -203 .184 

•557 .501 - 45 ^ • 

.160 .144 .131 

.304 1.173 *- 0^7 • 
_^78 _^8o .800 _. 
.462 .416 .378 . 

J 14 _i 329 
[.096 .987 .897 . 
.587 .528 _. 

.444 .400 .364 . 

43 -219 _^99 
.622 .560 .509 . 

— 3 -^03 -^8 4 _. 

•427 -384 -349 • 

^49 -1 

.770 .693 .630 . 
•3 U _Ji 83 _l 2_^ 
•373 -336 .305 • 
^54 _J[48 .126 
.278 .251 .228 . 
^077 .069 .063 _. 
.^3 .624 .567 . 
-616 _^504 ^ 

.693 .624 .567 . 

- 

.681 .613 .557 . 
.486 .437 _:397 ^ 
.255 .229 .208 . 
.184 .165 .150 . 


Safe Load in tons of 2000 pounds uniformly distributed, for maximum fiber stress of 16.000 
pounds per square inch. The Safe Load includes weight of Angle. The Safe Load for Angles of 
intermediate thickness can be assumed as approximately proportional to their area or weight. 
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Unequal Leg Ancles 


TABLE 31. — Continued 

Safe Loads, in Tons, for Unequal Leg Angles 
American Bridge Company Standards 


Length of Span in Feet 



J 

1 

2 

3 

4 

s 

6 

7 

8 

9 

10 

II 

12 

! 

1 !> 

3 

5-333 

2.667 

1.778 

1.333 

1.067 

.889 

.762 

.667 

■.w 1 

•533 

.485 

.444 


‘i 

2 

2.507 

1.233 

•«35 

.627 

■501 

.418 

.358 

• 3*3 

.278! 

.231 

.228 

.209 



3 

2.187 

1.093 

.729 

.547 

•437 

•365 

.312 

•273 

.243 

.219 

.*99 

.182 

1 

1 6 

2 

1.067 

•533 

•355 

.267 

.213 

.178 

.132 

.133 

.118 

.107 

-097 

.089 


1 


3-733 

1 .867 

1.244 

•933 

•747 

.622 

•533 

.467 

• 4*5 

•373 

.339 

.311 


2 

2 

2453 

1.227 

.818 

.613 

.491 

.409 

.350 

.307 

.272 

.243 

.223 

.204 

- i 

X 

2i 

1-547 

•773 

•515 

.387 

.309 

.238 

.221 

.193 

.172 

•*55 

.14* 

.129 

1 

1 € 

2 

1.067 

.5^3 

• 355 - 

.267 

.213 

.178 

.132 

.133 

.118 

.107 

.097 

.089 


A- 


2.453 

1.223 

.818 

•613 

.491 

.409 

.350 

.307 

.272 

.245 

.223 

.204 



l| 

1.280 

.640 

.427 

.320 

.236 

.213 

.183 

.160 

.142 

.128 

.116 

.107 


A 

> 

1-547 

•773 

• 5*5 

•387 

.309 

.258 

.221 

.193 

.172 

■155 

.141 

.129 


itf 

l] 

.800 

.400 

.267 

.200 

.160 

-133 

.114 

.100 

.089 

.080 

.073 

.067 




2.347 

1.173 

.7S2 

.587 

.469 

.391 

.335 

.293 

.261 

.235 

.213 

.195 


1 6 

li 

.907 

453 

.302 

.227 

.iSl 

.151 

.129 

.**3 

.101 

.091 

.082 

•075 




*493 

•747 

•497 

.373 

.299 

.249 

•213 

.187 

.166 

.149 

.*36 

.124 


Iff 


.,87 

.293 

.195 

.147 

.117 

.098 

.084 

•073 

•06)3 

.039 

.053 

.049 

' '»i"X 1 1" 

« 

2.5 

1.227 

.613 

.409 

•307 

•245 

.204 

•*75 

*53 

*36 

.*23 

.III 

.102 

-i A 1 4 

3 ? 

li 

.352 

_^ 7 ^>_ 

-J 1 Z_ 

.088 

.070 1 

.039 

.0-0 




.032 

.029 

, , 

1 

2i 

2.880 

1.440 

.960 

.720 

.576 

.480 

.411 

1 -360 

j .320 

.288 

1 .262 

.240 


2 


L 3 ? 7 _ 

.6k)3 

.462 


•277 

.231 

.198 

•173 

1 .15.1 

! .139 

! .126 

. 1*5 

-4 A 1 5 1 

L 

1 

1.227 

.613 

.409 

•307 

•245 

.204 

•175 

I .153 > .*36 

1 .*23 

.III 

.102 


Iff 

1 * ^ 


.293 


.147! 


.098 

.084 

.078 

.063 

1 .030 

.033 

.049 

j 


1 

i 1.813 

.907 

.604 

•453 

•363 

.302 

•259 

.227 

.201 

.iSl 

! -i^s 

* 5 * 


8 


11.067 


_ 45 ^ 

.267 


.178 

.152 

.*33 

.118 

-*07 

.097 

.089 

i 

2 

. 6)93 

.347 

.231 

•*73 

•139 

.115 

.099 

.087 

.077 

.669 

.063 

.058 


8 

Ij 

.400 

.200 

• 133 

.100 

.080 

.067 

.037 

.030 

.044 

.040 

.036 

•033 


3 

2 

1.760 

Ts'so' 

.587 

.440 

.352 

.293 

.251 

.220 

.195 

.176 

.160 

.*47 


6 


J^L 

_d 5 J. 

.302 

.227 

.181 


.129 

.1*3 

.101 

.091 

.082 

.075 

* A 1 8 

-K 

2 

.960 

.480 

.320 

.240 

.192 

.i6)0 

.137 

.120 

.107 

.096 

.087 

.080 


IT 

I? 

_i 521 

•2.51 


_ilrl 

.100 

.083 

.072 

.063 

.036 

.030 

•045 

.042 


1 

2 

1.227 

.613 

.409 

•307 

•245 

.204 

"itT 

•153 

.136 

.123 

.III 

.102 

2"Xli" 

4 

il 

.517 

.259 

.172 

.129 

.103 

.086 

.074 

.063 

.037 

.052 

.047 

.043 


2 

.960 

.480 

.320 

.240 

.192 

.160 

•137 

.120 

.107 

.096 

.087 

.080 


Iff 


.400 

,200 

.133 

.100 

.080 

.067 

•057 

.050 

.044 

.040 

.036 

.033 


Safe Load in Tons of 2,000 pounds uniformly distributed, for maximum fiber stress of 16,000 
pounds per square inch. The Safe Load includes weight of Angle. The Safe Load for Angles 
of intermediate thickness can be assumed as proportional to their area or weight. 






Unequal Leg Angles 


TABLE 31 . — Continued 

Safe Loads, in Tons, for Unequal Leg Angles 
American Bridge Company Standards 


Sue op Angle 

Vertical 

Leg 

Length op Span in Feet j 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

13 


1" 

1 3 
* 4 

.960 

.480 

.320 

.240 

.192 

.160 

•137 

.120 

.107 

.096 

.087 

.080 


4 

■i 

•507 

•253 

.169 

.127 

.101 

.084 

.072 

.063 

.036 

.031 

.046 

.042 


I 


.501 

.251 

.167 

•125 

.100 

.083 

.072 

.063 

.056 

.050 

•045 

.042 



1 1 
* 1 

.277 

.139 

.092 

.069 

•055 

.046 

.040 

.035 

.031 

.028 

.023 

•02 3 


1 


.907 

•453 

.302 

.227 

.181 

•I51 

.129 

.113 

.101 

.091 

.082 

.075 


4 

li 

.411 

.20!; 

.137 

.103 

.082 

.0^ 

.0^9 

.Oqi 

.046 

.041 

•037 

•034 


X 

ij 

.496 

.248 

.165 

.124 

.099 

.083 

.071 

.062 

.055 

.050 

.045 

.041 



i| 

.229 

•Us 

.076 

.0^7 

.046 

.038 

.033 

.029 

.025 

.023 

.021 

.019 


8 

li 

.853 

.426 

.284 

.213 

.171 

.142 

.122 

.107 

.095 

.085 

•077 

.071 


1 1> 

li 

.604 

.301 

.201 

.151 

.120 

.100 

.086 

•075 

.067 

.060 

.035 

.050 

1 2 1 4 

3, 

iV 

•533 

.267 

.178 

•133 

.107 

.089 

.076 

.067 

•059 

•053 

.048 

.044 

i “ 

1} 

.389 

.193 

.129 

.097 

.078 

.06 c; 

.056 

.049 

.043 

.039 

•035 

.032 

* 1 

li 

.565 

.283 

.188 

.141 

.113 

.094 

.081 

.071 

.063 

.056 

.051 

.047 


4 

I 

•313 

.137 

.103 

.079 

.063 

.oi;2 

•045 

.039 

•035 

.031 

.029 

.026 



li 

.304 

• 152 

.101 

.oy6 

.061 

.051 

.044 

.038 

•034 

.030 

.028 

.025 



I 

.171 

.083 

.Os7 

.043 

.034 

.028 

.024 

.021 

.019 

.017 

.015 

.014 


A 


.432 

.216 

.144 

.108 

.086 

.072 

.062 

.054 

.048 

•043 

•039 

.036 

i2"Xl" 

i 

.187 

.093 

.062 

.047 

.037 

.031 

.027 

.023 

.021 

.019 

.017 

•015 

^8 5 


il 

.299 

•149 

.099 

.075 

.060 

.050 

.043 

.037 

j -033 

.030 , 

.027 

.025 



f 

J±VI 

.069 

.046 

.035 

.028 

.023 

.020 

•017 

.013 

.014 

.013 

.01 1 

ll^"X 5" 

1 

ii 

.251 ' 

.123 

.083 

.063 

.050 

.042 

.036 

.031 

ro 2 ^ 

.025 

.023 

.021 

I4 As 

8 

7 

.128 

.064 

.043 ! 

.032 

.026 

.021 

.018 

.016 

1 .014 

.013 

.012 

.Oil 

I A"XH" 

A 



1 iV 

.256 

.128 

.083 

.064 

.051 

•043 

.036 

.032 

1 

.026 

.023 

.021 

I 16 ^ le 

H 

-llil 

.072 

.048 

.03^ 

.029 

.024 

.020 

.018 

j .016 

.014 

^I3_ 

.012 


A 

I 

.224 

.112 

^otF 

.056 

.04:; 

•037 

.032 

.028 

.025 

.022 

.020 

.019 

"Xl" 

16 

3 

4 

JLIL 

.067 

.044 

033 

.027 

.022 

.019 

.017 


.on 

.012 

.Oil 

1 A 4 

A 

I 

.160 

.080 

.053 

.040 

.032 

.027 

.023 

.020 

.018 

.016 

.014 

.013 



I 

.091 

■045 

.030 

.023 

.018 

.01 q 


.01 1 

.010 

.009 

.008 

.007 


A 

I 

.219 

.109 


•055 

.044 

.036 

.031 

.027 

.024 

.022 

.020 

.018 

i"xr 

1 0 

f 

.CX)I 

•045 

.030 

.023 

.018 

.ois 

.013 

.01 1 

.010 

.009 

.008 

.007 

1 

I 

.155 

.077 

.051 

.039 

.031 

.026 

.022 

.019 

.017 

.015 

.014 

.013 


8 

i 

.064 

.032 

.021 

.016 

.013 

.01 1 

.009 

.008 

.007 

.006 

.006 

.005 


.OQC 

i 

.091 

.045 

.030 

.023 

.018 

.015 

.013 

.011 

.010 

.009 

.008 

.007 

I A 3 


\ 

.029 

.014 

.010 

.007 

.006 

.00 1; 

.004 

.004 

.003 

.003 

.003 

.002 

44 "Xl" 

A 

u 

.117 

.059 

.039 

.029 

.023 

.019 

.017 

.01^ 

013 

.012 

.01 1 

.010 

16 A 5 


i 

.048 

.024 

.016 

.012 

.010 

.008 

.007 

.006 

.005 

.005 

.004 

.004 


Safe Load in tons of 2,000 pounds uniformly distributed, for maximum fiber stress of 16,000 
pounds per square inch. The Safe Load includes weight of Angle. The Safe Load for Angles of 
intermediate thickness can be assumed as approximately proportional to their area or weight. 
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TABLE 32. 

Moments of Inertia of Four Angles with Equal Legs, Axis X-X. 



Moments of Inertia 
of Four Angles, 

Axis X-X, 

Equal Legs. 


T' 

X 

■■“"X 

^ i 



For Distances 
Measured 
from 

Back to Back. 



J 1 [L. 

a 

• 

I 

• 

• 



a 

r X 

- 



3" X 3" 1 

Thick. 

iV' 


iV' 

r 

iV'* 

V' 

Thick 

i" 

R ff 

16 

1 " 1 

7 ff 

18 

i" 

B ff 

I J 

1 " 

Area 4 [•» 

3.60 

4 - 7 <^ 1 

5.88 

6.92 

8.00 

9.00 

Area 4 [s 

5-76 

7.12 

00 

9.72 

1 1. 00 

12.24 

13-44 

d" 

Moments of Inertia Ai)Out Axis X-X, In.<. j 

d" 

Moments of Inertia About Axis X- 

-X. In.-*. 


St 

17 

22 

27 

31 

35 

39 


38 

46 

54 

61 

68 

75 

80 

si 

19 

25 

30 

35 

39 

43 

6| 

42 

SO 

S8 

67 

75 

83 

88 

6 

21 

28 

33 

39 

44 

48 

7 

46 

55 

65 

73 

82 

89 

96 

6i 

24 

30 

37 

43 

48 

53 

7 i 

50 

60 

70 

80 

89 

97 

104 

6i 

26 

33 

40 

47 

S 3 

58 

7 i 

54 

6s 

76 

86 

96 

106 

114 

6J 

28 

36 

44 

SI 

S8 

64 

7 i 

S8 

70 

82 

93 

104 

114 

123 

7 

31 

40 

48 

S6 

64 

70 

8 

62 

76 

89 

lOI 

113 

124 

133 

7 i 

33 

43 

52 

61 

69 

76 

8i 

67 

81 

95 

108 

121 

133 

143 

7 i 

36 

46 

57 

66 

75 

83 

8i 

72 

87 

102 

116 

130 

H 3 

154 

7 i 

39 

SO 

61 

71 

81 

89 

81 

77 

94 

1 10 

125 

139 

H 3 

165 

8 

42 

54 

66 

77 

87 

96 

9 

82 

100 

117 

133 

149 

164 

177 

81 

45 

58 

71 

82 

94 

104 

9 \ 

87 

106 

125 

142 

H 9 

175 

189 

8i 

48 

62 

76 

88 

lOI 

III 

95 

93 

1 13 

134 

151 

169 

186 

201 

8i 

51 

66 

81 

94 

108 

119 

9] 

99 

120 

141 

161 

180 

198 

214 

9 

54 

71 

87 

.0. 

115 

127 

10 

105 

127 

150 

171 

191 

211 

228 

9 i 

S8 

75 

92 

107 

123 

136 

loi 

III 

135 

158 

181 

202 

223 

241 

9 i 

62 

80 

98 

114 

131 

H 5 

lOj 

117 

143 

167 

191 

214 

236 

256 

9 i 

65 

85 

104 

121 

139 

154 

loi 

123 

151 

177 

202 

226 

249 

270 

10 

69 

90 

no 

128 

147 

163 

II 

130 

H 9 

186 

213 

239 

263 

28s 

loi 

73 

95 

1 16 

136 

155 

172 

Ili 

137 

167 

196 

224 

251 

277 

300 

lOj 

77 

ICX) 

123 

H 3 

164 

182 

iii 

144 

176 

206 

237 

264 

292 

316 

loi 

81 

106 

130 

HI 

173 

192 

III 

HI 

184 

217 

2.^.8 

278 

307 

333 

1 1 

85 

112 

137 

159 

1 S 3 

203 

12 

138 

193 

227 

260 

292 

322 

349 


90 

117 

144 

168 

192 

214 


166 

203 

238 

272 

306 

338 

366 

iii 

94 

123 

HI 

176 

202 

225 

121 

174 

212 

250 

285 

320 

354 

384 

iii 

99 

129 

158 

185 

212 

236 

T * 

1-4 

181 

222 

261 

298 

335 

370 

402 

12 

104 

HS 

166 

194 

222 

247 

13 

189 

232 

273 

312 

350 

387 

420 

i2i 

109 

142 

174 

203 

233 

259 

131 

198 

242 

! 285 

! 325 

366 

404 

439 

12i 

113 

148 

182 

216 

244 

271 

I 3 i 

206 

252 

1 297 

339 

382 

422 

458 

I 2 i 

119 

HS 

i 190 

222 

i ""55 

283 

13I 

215 

263 

j 309 


398 

439 

478 

13 

124 

162 

1 198 

232 

266 

296 

H 

224 

274 

1 322 

! 368 

414 

458 

498 

I 3 i 

129 

169 

207 

242 

278 

309 

Hi 

233 

285 

335 

i 3S3 

431 

476 

518 

i 3 i 

134 

176 

t 216 

252 

290 

322 

Hi 

242 

296 

348 

! 399 

448 

496 

S 39 

I 3 i 

140 

183 

225 

263 

302 

336 

hJ 

251 

307 

362 

414 

466 

5 H 

560 

14 

146 

191 

234 

273 

314 

'350 

H 

261 

319 

376 

430 

484 

535 

e 4 

00 

un 

Hi 

HI 

198 

243 

284 

327 

364 

I 5 i 

270 

331 

390 

446 

502 

555 

604 

Hi 

H 7 

206 

253 

295 

339 

378 

15} 

280 

343 

404 

463 

521 

576 

626 

Hi 

163 

214 

262 

307 

352 

393 

Hi 

290 

355 

419 

480 

539 

597 

649 

H 

169 

222 

272 

318 

366 

408 

16 

300 

368 

434 

496 

559 

618 

673 

' 5 i 

17s 

230 

282 

330 

379 

423 

16} 

311 

381 

449 

514 

578 

640 

697 

Hi 

182 

238 

292 

342 

393 

438 

i 6 i 

321 

394 

464 

532 

598 

662 

721 

Hi 

188 

246 

303 

354 

407 

454 

16} 

332 

407 

480 

550 

1 619 

685 

745 

1 Moment of Inertia of Net 

\rea = 

Tabular Value X Net Area 

-T- Gross Area (approx.). 
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TABLE 32. — Continued , 

Moments of Inertia of Four Angles with Equal Legs, Axis X-X. 


Moments of Inertia 
of Four Angles, 
Axis X-X, 
Equal Legs. 


T' 


JL. 


For Distances 
Measured 
from 

Back to Back. 


iW ' y . zW 

Thick. 

A"! 

|// 


1 


1 1'/ 

lit 

Thick. 

1 " iV" 


iV' 


W ' 1 

Area 4 [s 

*. 3 « j 

9.93 

1 1.4“" j 13.00 

14.48! 

15-92 

17*36 

Area 4[s 

9.92 11.48 

13.00 

14.48 

*5.92 1 

17.36 j 18.76 

d" 

Moments 

of Inertia about Axis X-X 

. In.-*. 

d" 

Moments of Inertia about Axis X- 

X. In.-*. 

7 i 

73 ! 

86 

97 109 

119 

129 

139 

20i 

836 961 

1083 

1201 

1314 

1426 1531 

7i 

79 

93 

105 1 18 

129 

140 

150 

20J 

858 987 

III2 

1234 

1350 

1466 1573 

8 

861 

100 

114 127 

139 

151 

163 

22} 

1026 II81 

1332 

1477 

1617 

1756 1886 

8i 

92 1 

108 

122 137 

150 

163 

175 

22i 

1052 1210 

1364 

1514 

1657 

1800 1934 

8i 

99 

116 

131 147 

161 

175 

189 

24i 

1237 1424 

1606 

1782 

1952 

2121 2279 

8i 

106 

1 

124 

141 157 

173 

188 

, 203 

244 j 

1265 j 1456 

1642 

1823 

1997 

2169 2331 


II3 ; 132 I 150 
120 ! I4I I 161 

128 I 150 I 171 
136 16c 182 
144 ' 169 f 193 
153 179 205 
162 190 217 
I7I 200 229 
180 211 241 
189 223 254 
199 234 268 
209 246 281 
220 258 295 
230 271 310 
241 284 325 
252 297 340 
264 310 355 

275 324 371 
287 338 387 
299 3S3 404 
312 368 421 

324 383 438 
337 398 456 
3S‘ 4«4 474 
364 430 '492 

378 4461511 

392 462 I 530 

406 479:549 

421 496 ; 569 
435 5*4^589 
450 532 1 609 
466 550 631 
546 645 740 
563 665 763 
580 685 787 
598 706 81 I 


168 185! 

180 198 

192 21 1 

204 224 

216 238 
229 253 
243 267 

257 283 

271 299 

285 3 >S 
301 332 

316 349 

332 366 

348 385 

365 403 

382 422 

399 441 

417 461 

435 481 
454 502 
473 523 

493 545 

5>3 567 

533 590 

554 613 

575 636 

596 660 
618 685 
641 7C39 

663 735 
687 760 
710 787 

834 924 

860 953 
887 982 
913 1012 


201 217 

215 232 

229 247 

244 j 263 

259 280 

275 297 

291 315 

308 333 

325 352 

343 371 

362 391 

380 411 

400 432 

419 453 

440 475 

460 498 

482 521 

503 545 

5*5 569 

548 594 

571 619 

595 645 

619 671 

644 698 

669 725 

695 753 

721 782 

748 81 I 

775 840 

803 870 

831 901 

860 932 

loii 1097 
IC43 1 13 1 
1075 1166 
1107 1202 


26} 1467 I 1690 

26| 1498 1725 

281 1718 1979 

28i 1750 2016 

30I 1988 2291 

3oi 2023 2331 
32! 2278 2625 

32i 2315 2669 

34} 2588 2983 

34i 2628 3030 

36i 2917 3364 

36J 2960 3413 

38i 3*67 3768 

38i 33 «* 3820 

4oi 3636 4194 
4oi 3684 4249 
42} 4025 4644 

42 i 4075 4702 
44i 4434 5 ”7 

44i 4487 5177 

46i 4863 5612 

46J 4918 5776 

48i 5312 6131 

48J 5369 6197 

50J 5780 6672 

50} 5840 6742 

52i 7237 

5*i 6331 7309 

54i 6777 7824 

54i 6842 7899 

564 7305 8435 

564 7372 8513 

584 7853 9068 

584 7923 9149 

6o4 8421 9724 

604 8494 9808 



Moment of Inertia of Net Area « Tabular Value X Net Area 4- Gross Area (approx.). 
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TABLE 32. — Continued. 

Moments of Inertia of Four Angles with Equal Legs, Axis X-X. 


Moments of Inertia 
of Four Angles, 
Axis X-X, 
Bk^ual Legs. 




JL. 


For Distances 
Measured 
from 

Back to Back. 


Thick. I" 


I" Thick. 


Arca4[s 9.60 11 . h ij. 2^ 15.00 16.72 | 18.44 Area4[s 11.44 13.24 15.00 16.72 18.44 


Moments of Inertia About Axis X-X, In.<. I d" 


Moments of Inertia About Axis X-X, In.^. 


8J 109 ' 
81 117, 

9 125 i 

9i 133 i 

9i «4i i 

9} ijo, 

10 159 

loi 169 1 

10 j 179 1 

loj- 189 

u 199 1 

111 210 | 

III 221 I 

III 2321 

12 243 1 

>2i 255 j 

iGj 

I2I 2801 

*3 293 I 

131 306: 

«3i 3*9 

13 } 333 

H, 347 ' 

Ui 361 

>4i 376 

14} 390 

15 406 

iSl 421 

isi 437 

«Sl 453 

16 469 

i6l 4S6 

i6i 503 

i6i 520 

18 6II 

i8l 630 

I8J 649 

18I 6^ 

20l 793 

20I 82s 

22i 976 

22^ 1010 


128 146 

137 157 

146 i63 

156 179 

166 19 1 

177 I 203 
188 215 

199 228 

211 241 

223 255 

233 : 269 

248 284 

261 I 299 , 

274 I 3141 

288 330 ! 

302; 346! 

3 16 ; 363 1 

331 380 

346! 397^ 
362, 4«5 
377; 434 
394^ 452 
410 471 

427 491 

434 50 

462 531 

480 552 

499 573 

5 '7 595 

536, 617 

556 639 

576 662 

596 685 

616 709 

724 834 

747 8 o 

770 886 

793 i 9>3 
941 ; 1084 
967 in4 I 

058 1335 1 

1187 ! 1369 


164 179 i 

176 192 I 

188 203 ' 

200 219' 

213 234; 

227 249 j 

241 265 

256 281 

271 297 

286 315 I 

302 332' 

319 350 

336 369 

353 388 

371 408 

389 428 

408 449 

427 471 
447 492 
467 5>5 

488 538 

509 561 

530 585 

552 609 

575 63 i 

598 660 

621 686 

645 713 
670 740 

695 767 

720 795 

746 824 

772 853 

799 883 

939 1039' 

99 10 2 
999 005 
1030 1138 
1222 1353 
1 1256 1391 
1 1506 1668 

1543 1710 


195 24! 

209 241 

224 261 

239 26! 

255 281 

272 281 

289 301 

306 301 

325 321 

343 32I 

363 344 

383 34i 

403 3^1 

424 3^1 

446 38I 

468 38I 

491 40I 

515 401 

539 42I 

563 42I 

588 44I 

614 44i 

641 46I 

667 46! 

695 484 
723 48 1 
752 50I 

781 50I 

810 52; 

841 521 

872 54: 

903 54i 

935 56 

968 56 

1141 58 

1176 58 

1213 60 

1250 60 

14S6 62 

IS27 62 
1832 64: 

1879 641 


I 1398 1612 
1430 1648 
1661 1915 
1695 1955 
1946 2245 
1984 2289 
j 2255 26021 
2295 1 2648 
2586 2985 
2629 3035^ 

294' 3395 

2986 3448 
3318 3831 
3367 3887| 
3718 4293' 
3769 4353 
4141 4782 
4 '95 484s 
4587 5297 

4644 5364 
5-^55 5839 
j 5"5 5909, 
! 5547 6408 
I 5610, 6481 
6061 7003 
6i27| 7079 
6599'' 7624 

66671 7703 
7159 8272 
723'! 8355 

7742 1 8946 
7816, 9032 
8348, 9<>47 
8425, 9736, 
8977; 10374 

9057 10467 
9629 11128 
9712 11224 
10303 11908 
10389 12007 
IIOOI I27IS 
11089 12817 


10555 II497 

10667 1 1618 
1 1455 12478 
1 1571 12604 


Moment of Inertia of Net Area « Tabular Value X Net Area -F Gross Area (approx.). 
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TABLE 32. — Continued, 

Moments of Inertia of Four Angles with Equal Legs, Axis X-X. 

Moments of Inertia • For Distances 

of Four Angles X X Measured 

Axis X-X, “ " d from 

Equal Legs • Back to Back. 

JL i 

i Size. 5" X 5" 

Thick, r r Thick, i" h" I r h" r 

Area4[s 14.44 16.7a 19.00 j 21.24 *3-44 Area 4^8 14.44 1672 19.00 , 21 24 2344 25^ 2776 

d'' Moments of Inertia About Axis X-X. In.^. d" Moments of Inertia About Axis X-X, In.^. 

28i 2377 2743 3107 3457 1 3802’ 4139! 4474 

28]- 2423 2797 3168 3524; 3877 4220 4562 

loj 250 287 322 355 387 3oi 2759 3185 3608 4016 I 4419 4811 5201 

loi 264 303 341 375 410 30^ 2809 3243 3674 4089 1 4499 4899 I 5296 

11 279' 320 ‘ 360 396 433 32i 3170 36 C>o 41481 46181 5082' 54341 5984 

iii 294 1 337 379 418 457 32i 3224 3722 4218 j 4696! 5168 5628 6086 

309' 355' 400 441 482 34i 3610 4169 4725! 52621 5792 6309 6823 

Jil 325 : 373 ; 4201 464 507 34i 3^7 4235 4800, 53451 5884 6409 6932 

12 342 1 392 i 442! 488 533 36i 4079 4712 5341 I 5949 6549 7134 7717 

*2i 359 412 1 464 512 560 36J 4140 4782 5420; ^037 1 6646 7241 7833 

I2i 376 432 I 486 537 588 38i 4577 5287 5994 6678; 7352 8011 8667 

12J 3941 4521 510 563 616 38^ 4641 5361 6078 67721 7456 8124 8789 

13 412 I 473! 533 589 645 4oi 5103 5896 6686 7449 1 8203 8939 9672 

13 i 431 ! 495 558 616 675 40J 5171 5975 6775 7549 8313 9059 9802 

i3i 450 I 517 5^3 644 705 42i 5659 6539 7415 8264 9100 9918 10733 

Ui 4^ i 540 608 673 737 42i 5730 6622 7509 8368 9216 10044 10869 

14 489 I 563 634 702 769 44} 6243 7215 8182 9120 10045 10949 11849 

I4i 510 I 586 661 731 801 44I 6318 7302 8281 9230 loi^ 11081 11992 

I4i 531 §10 689 762 835 46^ 6857 7924 8988 ' 10019 1 1036 12030 13021 

14! 552 j 635 717 793 869 46J 6935 8015 9091 , 10135 I 11163 i2ii^ 13171 

15 574 1 660 745 825 904 48 J 7499 8667 9831 10961 j 12074 13163 14248 

154 5961 686 774 857 939 48i 7581 8762 9939 11081! 12207 13308 14405 

I5i 619 712 804 890 976 5oi 8170 9443 10712 11945 13159 14347 15531 

15} 642 739 834 924 1013 50J 8256 9543 10825 j 12071 13298 14499 15695 

16 666 766 865 958 I 1051 52i 8870 10253 11632 12971 14291 15582 16869 

i6l 690 794 897 993 I 1089 52i 8959 10357 11750 13103 14436 15740 17040 

i6i 715 822 929 1029 1129 54i 9598 11096 12589 14040 15470 16869 18263 

1^4 739 851 961 1065 1169 54i 9692 1 1204 12712 14177 15621 17033 18441 

18 871 1003 1134 1257 1380 56^ 10356 11973 13585 15152 16696 18206 19712 

i8i 899 1035 1170 1298 1424 56J 10453 12085 13712 15294 16852 18377 19897 

i8j 927 1068 1207 1339 1469 58} 11143 12883 14618 16306 17968 19595121217 

i8i 956 iioi 1244 1380 1515 58^ 11243 12999 14750 16453 18131 19772121409 

2oi 1137 1310 1481 1645 1806 60} 11958 13827 15690 17502 19288 21035 1 22777 

2oi 1169 1347 1523 1691 1857 6o| 12062 13947 15826 17655 I 19456 21219 22976 

22} 1403 1618 1831 2034 2235 62^ 12802 14804 16799 18741 20654 22526 24393 

22i 1439 1659 1877 2085 2292 62J 12910 14928 16940 18899 20828 22716 24599 

1699 i960 2218 2466 2710 64J 13676 15814 17946 20023 22067 24069 26065 

24i 1738 2005 2269 2523 2773 64! 13787 15943 18093 20186 22247 24265 26278 

26i 2023 2335 2644 2940 3233 66} 14578 16858 19132 21347 23527 25662 27792 

26} 2066 2384 2700 3002 3302 66} 14693 16991 19283 2 15 1 5 23713 25865 28012 

Moment of Inertia of Net Area « Tabular Value X Net Area -f- Gross Area (approx.). 
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TABLE 32 . — Continued. 

Moments of Inertia of Four Angles with Equal Legs, Axis X-X. 


Moments of Inertin 
of Four Aneles. 
Axis X-X, 
Equal Legs. 




JIL. 


For Distances 
Measured 
from 

Back to Back. 


Thick. 

1" 

7 n 

10 

i" iV' 

1" U" i" 

\r 

i" 

1 r.tt 

i" 

Area 4 [s 

17.44 

20.24 

23.00 25-72 

2S.44 31.12 33.76 

36-36 

38.92 

41.48 

44.00 

iV 


Moments of Inert 'a About A.xi 

i X-X lor Various D stances 

liack to 

Back of Angles, In. A 




891 I 942 
1223 1293 
1275 ' 1349 
1675 j 1773 
1737 1839 

2205 2336 
2276 2412 
2812 2982 
2894 j 3069 

3497 I 3711 
3589 3808 
4261 4^23 
4362 ! 4630 


i 4243 4911 5566 6200 6837 7461 8062 i 8660 I 9244 i 9826 

,§ 4311 4990 5655 6299 6947 7581 8192 8799 ; 9394 9985 

\ 4801 5558 6300 7019 7741 8449 9132 9810 10475 1 1135 

•I 4873 5641 6395 7125 7858 8577 9270 9959 ^ 10634 1 1305 

i 5393 6244 7079 7889 8702 9500 10269 1 1034 I 11783 I 12528 

5470 6333 7180 8001 8S26 9635 10416 11192 11952 : 12708 

6021 6972 7905 8810 9720 10612 1 1474 12330 13169 I 14003 

6102 7065 8011 8929 9851 10756 11629 12497 13347 j 14194 

6683 7739 8776 9783 10795 11787 12747 13699 14632 i 15562 

i 6768 7838 8888 9909 io<>33 11938 12910 13875 13821 I 15762 

7380 8548 9694 10S08 11926 13024 14087 15141 16174 I 17203 

7470 8651 9812 10939 12072 13183 14259 15326 19372 17414 

>1 8112 9396 10657 11S84 13115 14323 15494 16655 17794 18927 

8206 9505 10781 12022 13268 14490 15675 16S50 18001 19149 

8879 10285 11667 13011 14360 15685 16969 18242 19491 20735 

8977 10399 11796 13155 14520 15859 17158 18446 i970<; 20966 

)l 9681 11215 12722 14190 15663 17108 18511 19902 212()6 22625 

9783 1 1334 12857 14341 15829 17291 18709 20115 21493 22867 

10517 12185 13823 15120 17022 18594 20121 21635 23119 24598 

10624 12309 13964 15577 17196 18785 20327 21856 23356 24850 

Moment of Inertia of Net Area = Tabular Value X Net Area -i- Gross Area (approx.). 
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TABLE 32. — Continued, 


Moments of Inertia of Four Angles with Equal Legs, Axis X-X. 



Moments of Inertia 
of Four Angles, 

Axis X-X. 

Equal Legs. 


T T 

^ ^ ] 

JIL 1 


For Distances 
Measured 
from 

iack to Back. 


Size. 






6" X6' 






Thick. 

1" 

7 ff 

T8 

j" 1 


1" 

U" 

r 

ii" 

i" 

U" 

x" 

.\rea 4 [s 

^7-44 ^ 

20.24 

2300 

25 72 

23.44 

31.1a 

33-7^ 

36.36 

38.92 

41 48 

44 00 

d" 


Moments of Inertia about Ax 

is X-X, for Various Distances Back to Ba 

ck of Ang 

es, In.^. 


54I 

11389 

13196 

1 497 1 

16701 

18438 

20143 

21799 

23440 

25050 

26654 

28228 

S 4 i 

II5OO 

13325 

15118 

16865 

18619 

2034.1 

22013 

23671 

25297 

269 1 7 

28507 

S^i 

12295 

14247 

16164 

18034 

I99II 

21753 

23544 

253«8 

27058 

28793 

30495 

S6J 

1241 1 

14381 

16317 

18205 

20099 

21959 

23767 

25558 

27315 

29066 

30785 

S8i 

13236 

15338 

17404 

19419 

21440 

23426 

25357 


29145 

31015 

32851 

SH 

13356 

15478 

17562 

19596 

21636 

23639 

25588 

27518 

29411 

31299 

33151 

6oi 

I42I2 

16470 

18689 

20855 

23027 

25161 

27237 

29292 

31309 

33321 

35294 

60J 

14337 

16615 

18853 

21038 

23230 

25382 

27476 

29550 

31585 

33614 

35605 

62i 

15223 

17643 

20021 

22342 

24671 

26958 

29184 

31488 

33551 

35709 

37825 

62i 

15352 

17792 

201 91 

22532 

24880 

27187 

29432 

31655 

33837 

36013 

38148 

64} 

16269 

18856 

21398 

23881 

26371 

28817 

31199 

33557 

35872 

38179 

40445 

641 

16402 

I9OIO 

21574 

24077 

26588 

29054 

31456 

33833 

36167 

38494 

40778 


17350 

20109 

22822 

25471 

28128 

30739 

33282 

35799 

38269 

40733 

43152 

66j 

17488 

20269 

23003 

25673 

28352 

30<;84 

33547 

36084 

38573 

41058 

43496 

63 i 

18466 

21403 

24291 

27113 

29943 

32723 

35432 

38113 

40745 

43370 

45947 

68J 

18608 

21568 

24478 

27322 

30173 

32975 

35706 

38407 

41060 

43706 

46303 

70 \ 

19616 

22738 

23807 

28806 

31814 

34769 

37650 

40500 

43299 

46090 

48830 

7 oi 

19762 

22907 

25999 

29022 

32052 

35029 

37932 

40803 

43623 

46436 

49197 

72 i 

20801 

241 13 

27368 

30551 

33742 

36877 

39935 

42960 

45930 

48893 

51802 

72 i 

20952 

24287 

27567 

30773 

33987 

37145 

40225 

43272 

46264 

49249 

52179 

74 i 

22177 

25708 

29180 

32575 

35979 

39324 

42587 

43814 

48983 

52145 

55250 

76J 

23436 

27169 

30839 

34429 

38027 

41564 

45015 

48428 

31780 

55124 

58408 

78 i 

24731 

28670 

32544 

36334 

40133 

43867 

47512 

51115 

34655 

58186 

61654 

8oi 

26060 

30212 

34295 

38291 

42296 

46232 

50075 

53875 

57607 

61331 

64989 

82J 

27424 

31794 

36093 

40299 

445*5 

48660 

52707 

56707 

60638 1 

64559 

684 1 I 

84J 

28823 

33417 

37936 

42359 

46792 

5 "49 

55405 

59612 

63746 

67870 

7I92I 

86i 

30257 

35080 

39825 

44470 

49125 

53701 

58172 

62590 

66932 

71264 

75520 

88i 

31726 

36784 

41760 

46633 

5 « 5«5 

56315 

61005 

65641 

70196 

74741 

79206 

9 oi 

33230 

38528 

43742 

48847 

53962 

58992 

63907 

68764 

73537 

78301 

82980 

92 i 

34768 

40313 

45769 

51112 

56466 

61730 

66876 

71960 

76957 

81943 j 

86843 

94 i 

36342 

42138 

47842 

53429 

59026 

64531 

69912 

75229 

80454 ! 

85669 

90793 

964 

37950 

44004 

49961 

55797 

61644 

67394 

73016 

78571 

84029 

89478 ; 

94831 

984 

39593 

45910 

52126 

58217 

64319 

70319 

76187 

81985 

87682 

93369 1 

98938 

ioo 4 

41271 

47857 

54338 

60689 

67050 

73307 

79426 

85472 

91413 

97344 

103172 

1024 

42984 

49844 

56595 

63211 

69838 

76357 

82733 

89031 

95222 

101401 

107474 

1044 

44732 

51872 

58898 

65785 

72683 

79469 

86107 

92664 

99109 

105542 

111865 

1064 

46515 

53940 

61247 

68411 

75585 

82643 

89548 

96369 

'.it' 

0 

0 

109765 

116343 

1084 

48332 

56049 

63643 

710S8 

78544 

85879 

93057 

100147 

107116 

1 14072 

120909 

1104 

50185 

58198 

66084 

73817 

81560 

89178 

96634 

103997 

111236 

118461 

125563 

1124 

52072 

60387 

68571 

76597 

84633 

92539 

100278 

107920 

115434 

122934 

130306 

Moment of Inertia of Net Area « Tabular Value X Net Area -4* Gross Area (approx.). 
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TABLE 32. — Continued, 


Moments of Inertia of Four Angles with Equal Legs, Axis X-X. 



Moments of Inertia 
of Four Angrles, 

X 

=» T 

1 

I 

--^1 

=a y. 



For Disunces 
Measured 



Axis X-X, 
Elqtuil Legs. 



ji 



from 

)ack to Back. 


Size. 

8" X 8" 1 

Thick. 


fii" 

1 " 

W' 

V' 

ir 



i" 

*iV' 

il" 

Area 4^5 

31.00 

3472 

38.44 

42.12 

45.76 

49.36 

52.92 

56.48 

60.CX) 

63.48 

66.92 

d" 


Moments of Inertia About Ax 

is X-X for Various Distances 

Sack to Back of Ang 

les, In.<. 


16J 

1333 

1483 

1631 

*775 

1910 

2046 

2*79 

23*0 1 

2430 ! 

1 

2554 i 

2674 

l8i 

1686 

1877 

2065 

2249 

2423 

2598 

2769 

2937 

3094 1 

3254 ! 

3409 

iSj 

1740 

1937 

2132 

2322 

2502 

2683 

2860 

3034 ! 

3196 1 

3361 1 

3523 

20i 

2146 

2391 

2634 

2871 

3095 

332* 

3542 

3760 1 

3964 

4172 i 

4375 

20i 

2208 

2461 

2710 

2954 

3186 

34*9 

3646 

3871 

4082 

4296 

4505 

22 i 

2669 

2976 

3279 

3576 

3859 

4*43 

442* 

4696 

4955 

52*8 

5475 

22I 

2739 

3054 

3365 

3670 

3961 

4253 

4538 

4821 

5087 

5357 

5621 

24 i 

3254 

3630 

4001 

4366 

47*4 

5064 

5406 

5745 

6066 

6390 

6708 

241 

3332 

3716 

4097 

447 * 

4828 

5186 

5536 

5884 

6213 

6546 

6871 

26i 

3901 

4353 

4801 

5240 

5661 

6083 

6497 

6907 

7296 

7690 

8075 

26J 

3987 

4448 

4906 

5355 

5786 

6217 

6640 

7060 

7458 

7861 

8255 

28j 

4610 

5145 

5677 

6198 

6699 

7201 

7693 

8182 

8647 

9116 

9576 

28i 

4703 

5249 

5792 

6324 

6835 

7348 

7850 

8349 

8824 

9303 

9773 

3 oi 

5381 

6008 

6630 

7241 

7829 

8418 

8996 

9569 

101 17 

10669 

11211 

30 i 

5482 

6120 

6754 

7377 

7977 

8577 

9 i ()6 

975 * 

103 10 

10872 

11425 

321 

6214 

6939 

7659 

8367 

9050 

9733 

10404 

11070 

11708 

12350 

12980 

32 i 

6323 

7060 

7794 

8514 

9209 

9904 

10587 

11266 

1*915 

12569 

13210 

34 i 

7109 

7940 

8766 

9578 

10363 

*1147 

11918 

12684 

13419 

* 4*57 

14882 

345 

7225 

8070 

8910 

9736 

10534 

** 33 * 

12114 

*2893 

13641 

*4392 

*5*29 

36 i 

8066 

9010 

9950 

10873 

**768 

12660 

13538 

14410 

15249 

16091 

16919 

36J 

8190 

9*49 

10103 

1 1041 

*1950 

12856 

13748 

14634 

15486 

16342 

17183 

385 

9085 

10150 

1 1210 

12253 

*3264 

*4272 

15263 

16250 

17200 

18152 

19089 

385 

9217 

10298 

11373 

*243* 

*3457 

14480 

15487 

16488 

*7452 

18419 

19369 

40 i 

IO166 

113^ 

12547 

* 47*7 

14851 

1 5982 

*7095 

18202 

19270 

20340 

21393 

40J 

10306 

11516 

12720 

13905 

15056 

16203 

* 733 * 

18454 

19538 

i 20623 

21690 

42 i 

II309 

12638 

13962 

15264 

16530 

* 779 * 

19032 

20268 

21461 

22656 

23831 

42 i 

11456 

12803 

* 4*44 

15464 

16746 

18024 

19282 

20534 

2*743 

22954 

24*45 

44 i 

12514 

13987 

15453 

16897 

18300 

*9699 

21076 

22446 

23772 

25098 

26402 

441 

12669 

14160 

15645 

*7107 

18528 

*9944 

21338 

22726 

j 24069 

25412 

26733 

464 

13781 

15404 

1 702 1 

18613 

20162 

21705 

23225 

24738 

26202 

27667 

29108 

464 

13944 

15586 

17222 

18833 

20401 

21963 

2350* 

25032 

26514 

27997 

! 29456 

48 i 

I5IIO 

16891 

18666 ! 

20414 

22116 

23811 

25480 

27142 

28753 

30363 

3*947 

48 i 

15280 

17082 

18877 

20645 

22366 

24081 

25769 

27450 

29080 

30709 

323*2 

SOi 

16501 

18448 

20387 

22299 

24161 

26014 

27840 

29659 

31423 

33186 

34921 

Soi 

16679 

18647 

20608 

22540 

24423 

26291 

28143 

29982 

3*766 

33548 

35302 

S*l 

17954 

20074 

22186 

24268 

26297 

28317 

30307 

32290 

34214 

36136 

38028 

S»J 

18140 

20282 

22416 

24520 

26571 

28612 

30623 

32626 

3457 * 

36513 

38426 


*9469 

21769 

24061 

26321 

28525 

307*8 

32879 

35033 

37*25 

39212 

41269 

S 4 | 

19663 

21986 

2430* 

26584 

28810 

31026 

33208 

35384 

37497 

39606 

41684 

S6| 

21046 

23534 

26014 

28459 

30845 

332*9 

35578 

37889 

40155 

42416 

44644 

S6J 

21247 

23759 

26263 

28732 

3 ** 4 * 

33538 

35900 

38*54 

40542 

42826 

4507s 

1 Moment ol Inertia of Net A 

rea « Tabular Value X Net Area 

-5- Gross Area (approx.). 
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TABLE 32. — Continued, 


Moments of Inertia of Four Angles with Equal Legs, Axis X-X. 





nir'“T 





Moments of Inertia 



For Distances 



of Four Angles. 

X 

X i 

Measured 



Axis X-X, 


a 

from 




£lqual Legs. 


1 

1 

Back to Back. 





JIU 1 




Size. 

8 " X 8" 

Thick. 

r 

iV' 1" 

U" i " 

ir r ir 

1" 


It" 

Area 4 [s 

31.00 

34.72 38.44 

42.12 45-76 

49.36 52.92 56.48 

60.00 

63.48 

66 92 

d'' 


Moments of Inertia About Axis X-X for Various Distances Back to Bj 

ack of Angles. In.^. 


581 

22685 

25368 28043 

30680 33256 

35817 38342 40858 

43306 

45747 

48152 

581 

22894 

25^2 28302 

30964 33564 

36149 38697 41237 

43708 

46 >72 

48601 

6ol 

24386 

27272 30149 

32986 35759 

38515 41232 43940 

46576 

49205 

51795 

60J 

24603 

*7515 30418 

33281 36078 

38859 41600 44333 

46994 

49646 

5226a 

ez \ 

26149 

29245 32332 

35377 38353 

41311 44228 47135 

49967 

52789 

55571 

62J 

26376 

29497 32610 

35681 38683 

41668 44609 47543 

50399 

53247 

56053 

64! 

27974 

31288 34592 

37851 41038 

44206 47329 50443 

53478 

56501 

59481 

641 

28206 

31548 34880 

38167 41381 

44575 47724 50865 

53925 

56974 

59980 

661 

29861 

33A00 36929 

40410 43816 

47200 50537 53864 

57108 

60340 

635*5 

66i 

3OIOI 

33669 37226 

40736 44169 

47581 50945 54300 

57570 

60829 

64040 

68i 

31810 

35581 3934 * 

43053 46684 

50292 53850 57398 

60859 

64305 

67703 

68J 

32058 

35859 39650 

43389 47049 

50686 54272 57848 

61336 

64810 

68235 

7 oi 

33821 

37832 41833 

45780 49645 

53483 57269 61045 

64729 

68398 

72015 

7 oi 

34076 

38118 42150 

46127 50021 

53889 57704 61509 

65222 

68919 

7*563 

7*1 

35894 

40152 44400 

48592 52696 

56773 60794 64803 

68720 

72617 

76460 

7*1 

36157 

40447 44727 

48949 53084 

57191 61242 65283 

69227 

73154 

77025 

74I 

38300 

42846 47381 

51856 56239 

60592 64886 69170 

73353 

775 >6 

81621 

76I 

40505 

45314 50111 

34846 59485 

64092 68636 73170 

77598 

82006 

86351 

781 

42771 

47851 52919 

57921 62823 

676^ 72492 77283 

81964 

86622 

91215 

80I 

45 100 

50458 55804 

61080 66252 

71387 76453 81509 

86450 

91365 

96213 

8*1 

47491 

33134 58765 

643*3 69773 

75183 80521 85847 

91055 

96235 

101344 

84 

49943 

55880 61803 

67651 73385 

79077 84694 90299 

95781 

101233 

106609 

861 

5*458 

58695 64919 

71062 77089 

83071 88973 94864 

100626 

>06357 

112008 

881 

55035 

61579 681 11 

74558 80884 

87163 93398 99541 

105592 

111608 

117541 

90I 

57674 

64533 71380 

78139 84771 

91353 97849 > 0433 * 

110678 

116986 

123208 

9*1 

60374 1 

67557 747*5 

81803 88749 

95643 102446 109236 

1115883 

122491 

129009 

94I 

63 > 37 ; 

70650 78148 

85552 92819 

100031 107148 I 14252 

121209 

128123 

134943 

96I 

65962 

73812 81648 

89385 96981 

104518 111956 119382 

126654 

133882 

I4IOII 

98I 

68848 

77044 85224 

93302 101234 

109103 , 116871 124624 

132220 I 

>39767 

I47214 

looj 

71797 

80345 88877 

97303 1055781 

113787:121891 129980 

137906 

>45780 

153550 

102 1 

74808 

83715 92608 

101389 110014! 

118570 127016 135448 

143711 

151920 

160019 

104I 

77881 

87155 96415 

105559 I 14542 

123452 132248 I4IO29 

149637 

158187 

166623 

“It 

81015 

90665 100299 

109813 119161 

128432 137587 >46723 

155682 

164581 

>73361 

io8| 

84212 

94244 104260 

114151 123871 

I 335 >* >43029 15253 > 

161848 

171 101 

180232 

lioj 

87471 

97892 108297 

118574 128673 

138689 148578 158451 

168134 

177749 

>87237 

112} 

9079* 

101610 II24I2 

123081 133567 

>43966 154233 164484 

174539 

184523 

>94376 

1141 

94174 

105397 116603 

127672 138552 

> 4934 > >59994 >70630 

181065 

191425 

201649 


97619 

109254 120872 

132347 143628 

154815 165861 176890 

187710 

198454 

209056 

1181 

101126 

113180 I252I7 

137107 148796 

160388 >71833 183262 

194476 

205609 

216596 

1201 

104694 

117176 129639 

141950 154056 

166060 177912 189747 

201362 

212891 

224270 

Moment of Inertia of Net Area Tabular Value X Net Area 4- Gross Area (approx.). 
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TABLE 33. 

Moments of Inertia of Four Angles with Unequal Legs, Axis X-X. 
Long Legs Turned Out. 



Moments of Inertia 
of Four Angles, 

Axis X-X, 

Long Legs Turned Out. 


X X 

c=JlL=... 

T 

1 

1 

1 

1 

1 

i 

1 

1 

1 

1 

1 

1 

.X 


For Distances 
Measured 
from 

Back to Back. 


Size. 

3" X 3%'*, Long Legs Out. j 

Long Legs Out. 

Thick 


iV' 

1" 1 



A" 


.V' i 


is'' 

i" 


r 

W ' 

Area 4 [s 

5-24 

6.48 

7.68 j 

8.88 

10.00 

II. 12 

576 

7.12 ! 

8.44 1 

9.72 

II.OO 

12.24 

* 3-44 

14.60 

d'' 


Moments of Inertia About Axis X 

-X for Various 

Distances Back to Back of Angles, In.*. 


sh 

26 

31 

36 

41 

45 

49 

30 

35 

41 

47 

52 

S6 

60 

64 

si 

29 

35 

41 

46 

51 

55 

34 

40 

46 

53 

59 

62 

67 

72 

6 

32 

39 

45 

52 

57 

61 

37 

44 

52 

59 

65 

69 

74 

79 

6i 

35 

43 

50 

57 

63 

67 

41 

49 

57 

65 

72 

76 

82 

88 

6i 

38 

47 

55 

62 

69 

74 

44 

53 

62 

70 

79 

84 

90 

97 

6i 

41 

51 

59 

68 

75 

81 

48 

58 

68 

76 

85 

92 

99 

106 

7 

45 

55 

64 

73 

81 

89 

51 

62 

73 

82 

92 

100 

108 

116 

7 i 

49 

60 

69 

79 

87 

96 

55 

67 

79 

89 

99 

109 

118 

126 

7 h 

S 3 

65 

75 

86 

9 ^ 

104 

60 

73 

85 

97 

108 

118 

127 

137 

7 i 

57 

70 

81 

93 

103 

113 

64 

7 « 

92 

104 

1 16 

127 

138 

148 

8 

61 

75 

87 

100 

III 

122 

69 

84 

99 

112 

125 

137 

148 

159 

8i 

66 

81 

94 

107 

119 

131 

74 

90 

106 

120 

134 

147 

159 

171 

8J 

71 

86 

100 

115 

128 

140 

79 

97 

113 

129 

144 

158 

171 

184 

8i 

75 

92 

107 

•23 

137 

150 

85 

103 

121 

138 

154 

169 

183 

197 

9 

80 

98 

114 

I3I 

146 

160 

90 

no 

129 

147 

164 

180 

195 

210 

9 i 

8S 

104 

122 

139 

155 

171 

96 

117 

137 

156 

175 

192 

208 

224 

9 i 

91 

III 

129 

148 

165 

182 

102 

124 

146 

166 

186 

204 

221 

238 

9 i 

96 

118 

137 

157 

175 

193 

108 

131 

154 

176 

197 

216 

235 

253 

10 

102 

125 

H 5 

167 

186 

205 

114 

139 

163 

186 

209 

229 

249 

268 

loi 

107 

132 

154 

176 

197 

217 

121 

147 

173 

197 

221 

242 

264 

284 

loj 

113 

139 

162 

186 

208 

229 

127 

155 

182 

208 

233 

256 

279 

300 

loi 

120 

146 

171 

196 

219 

241 

134 

163 

192 

219 

246 

270 

294 

316 

11 

126 

154 

180 

207 

231 

254 

141 

172 

202 

231 

259 

28s 

310 

334 

III 

132 

162 

190 

218 

243 

268 

148 

181 

212 

243 

272 

299 

326 

351 

Ili 

139 

170 

199 

229 

255 

281 

155 

190 

223 

256 

286 

315 

342 

369 

ui 

146 

178 

209 

240 

268 

295 

163 

199 

234 

267 

300 

330 

359 

387 

12 

152 

187 

219 

251 

281 

310 

170 

208 

245 

280 

314 

346 

377 

406 

I2I 

159 

196 

229 

263 

294 

325 

178 

218 

256 

293 

329 

362 

395 

426 

I2i 

167 

205 

240 

275 1 

308 

340 

186 

228 

268 

306 

344 

379 

413 

445 

12} 

174 

1 214 

250 

288 

322 

355 

195 

238 

280 

320 

360 

39^ 

432 

465 

13 

182 


261 

301 

336 

371 

203 

248 

292 

334 

375 

414 

451 

486 

I3I 

189 

1 *33 

273 

314 

350 

387 

212 

259 

305 

349 

392 

431 

470 

507 

I3I 

197 

j 241 

284 

327 

365 

403 

220 

270 

317 

363 

408 

450 

490 

529 

i 3 i 

205 

252 

296 

340 

380 

420 

229 

281 

330 

378 

425 

468 

Sii 

551 

14 

214 

1 262 

308 

354 

396 

437 

238 

292 

344 

393 

442 

487 

531 

574 

14I 

222 

i 273 

320 

368 

412 

455 

248 

303 

357 

409 

460 

507 

553 

597 

14I 

231 

1 283 

333 

382 

428 

473 

257 

315 

371 

424 

477 

526 

574 

620 

Hi 

239 

294 

345 

397 

444 

491 

267 

327 

38s 

441 

495 

547 

596 

644 

IS 

248 

305 

358 

412 

461 

509 

277 

339 

399 

457 

514 

S6o 

619 

668 

isl 

257 

; 316 

371 

427 

478 

528 

287 

351 

414 

474 

533 

S 88 

642 

693 

isi 

266 

1 327 

385 

443 

495 

547 

297 

364 

429 

491 

552 

609 

665 

718 

isl 

276 

339 

398 

458 

513 

567 

307 

376 

444 

508 

572 

631 

689 

744 


Moment of Inertia of Net Area = Tabular Value X Net Area - 5 - Gross Area (approx.). 
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TABLE 33 . — Continued, 

Moments of Inertia of Four Angles with Unequal Legs, Axis X-X. 
Long Legs Turned Out. 



Moments of Inenia 
of Four Angles, 

Axis X-X, 

Long Legs Turned Out. 

'niir’ 

s 

H 

For Distances 

Measured 

from 

Back to Back. 

Size. 


4") 

< 3", Long Legs Turned Out. 

Thick. 

i" iV' i" *" i" 

A" 

i" 

Thick. 

1" 

A" i" A" 1 " li" i" 

Area 4 [s 

6.76 8.36 9.92 11.48 13.00 

14.43 

15.92 

Area 4 [s 

9.92 

11. 4S 13.00 14-48 15-92 17 36 18.76 

d'' 

Moments of Inertia About Axis 

X-X for Various Distances Back to Back of Angles, In.^. 

6i 

48 58 68 78 1 86 

94 

102 

16 

525 

^4 678 751 821 890 954‘ 


52 63 84 85 1 94 

103 

III 

i6l 

543 

625 702 777 849 921 987 

7 

57 69 81 92 102 

1 12 

122 

16J 

561. 

646 725 804 879 953 1023 

7 i 

62 75 88 100 III 

122 

132 

i6| 

580 

667 750 831 908 983 1055 

7 i 

67 81 95 109 121 

132 

144 

184 

699 

804 904 1002 1096 1190 1276 

7 i 

72 88 103 1 17 130 

H 3 

HS 

l8i 

719 

828 931 1032 1129 1226 1315 

8 

77 94 III 126 140 

H 4 

167 

20i 

874 

1007 1133 1256 1375 1493 1603 

8i 

83 loi 119 136 151 

166 

180 

20i 

897 

1034 1163 1290 1412 1533 1646 

8i 

89 108 127 145 162 

178 

193 

22| 

1069 

1233 1388 1539 1686 1831 1967 

8i 

95 116 136 155 173 

191 

207 

22 1 

1095 

1262 1421 1577 1727 1876 2015 

9 ^ 

lOI 124 145 166 185 

204 

221 

24 t 

1284 

1481 1668 1851 2028 2204 2368 

9 i 

107 131 154 177 ! 197 

217 

236 

241 

1313 

1514 1705 1892 2073 2253 2421 

9 i 

I 14 140 164 188 209 

231 

251 

26J 

1519 

1753 1975 2192 2402 2611 2808 

9 i 

I 2 I 148 174 199 222 

245 

267 

26i 

1550 

1788 2015 2237 2451 2664 2865 

lO 

128 157 184 2II 236 

260 

283 

28i 

1774 

2047 2308 2562 2809 3053 3284 

lOi 

135 f66 195 223 249 

275 

300 

28J 

1808 

2085 2351 2611 2862 3111 3347 

lOj 

143 175 206 236 264 

291 

317 

3 oi 

2049 

2364 2666 2961 3247 3530 3799 

loi 

I5I 185 217 249 278 

307 

335 

3 oi 

2085 

2406 2715 3013 3303 3592 3865 

II 

159 194 229 262 293 

324 

353 

32 i 

2344 

*705 3051 3389 3716 4042 4350 

Hi 

167 204 241 276 309 

341 

371 

32J 

2382 

*749 3101 3445 3777 4108 4422 

iii 

175 215 253 290 324 

358 

391 

34 i 

2658 

3068 3462 3846 4218 4‘;88 4940 

Hi 

184 225 265 304 341 

376 

410 

34 i 

2699 

3115 3515 3905 4283 4659 5016 

12 

192 236 278 319 357 

395 

430 

36 i 

2992 

3455 3898 4332 4751 5169 5566 


201 247 291 334 1 374 

414 

451 

364 

3035 

3504 3955 4395 4820 5244! 5647 

I2i 

21 1 259 305 350 1 392 

433 

472 

38 i 

3346 

3864 4361 4847 5317 5783I 6231 

12} 

220 270 318 366 409 

453 

494 

38 i 

3392 

3917 44* > 49>3 5390 58641 6316 

13 

230 282 332 382 428 

473 

516 

4 oi 

3720 

4296 4850 5390 5914 6435' 6932 

i 3 i 

240 294 347 398 446 

494 

539 

4 oi 

3768 

435* 491* 5460 5991 6519; 7023 

I 3 | 

250 307 361 415 465 

S15 

562 

42 t 

4114 

475 > 5364 5963 6543 7120 7672 

I 3 i 

260 319 376 432 485 

536 

585 

4 *i 

4164 

4810 5430 6037 6624 7209 7767 

H 

270 332 391 450 505 

SS8 

610 

44 i 

45*7 

5229 5905 6565 7204 7840 8449 

Hi 

281 345 407 468 525 

581 

634 

44 i 

4580 

5291 5974 6642 7289 7933 8548 

Hi 

292 359 423 486 546 

604 

659 

46 i 

4961 

5730 6472 7195 7896 8593 9*63 

Hi 

303 372 439 505 567 

627 

685 

46 i 

5016 

5795 6544 7*76 7986 8692 9367 


314 386 456 524 588 

651 

711 

48 i 

54'4 

6254 7064 7855 8621 938410115 


326 1 401 472 543 610 

675 

738 

48J 

547 * 

6322 7140 7939 8714 948610224 

»s| 

3381415 490 563 632 

700 

765 

Sof 

5887 

6801 7683 8543 9377 1020811004 

Hi 

350 430 507 583 655 

725 

792 

50J 

5948 

6871 7762 8631 9475 1031411118 

1 Moment of Inertia of Net Area 

=» Tabular Value X Net Area 4 - Gross Area (approx.). 
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TABLE ^3,-^ Continued, 

Moments of Inertia of Four Angles with Unequal Legs, Axis X-X. 
Long Legs Turned Out. 



Moments of Inertia 
of Four Angles. 

Axis X-X, 

Long Legs Turned Out. 


X 

-illr' 

X 

r 

1 


For Distance 
Measured 



c . 

-JIIU 

a 

1 

1 

X 

from 

Back to Back 

Size. 






5" X 3". 

\g Legs I 

'urned Out. 




Thick. 


1 " 


i" 


1 " 

14 " 

Thick. 




1 " 

U " 

Area 4 [s 

9.60 

11.44 

13.24 

15.00 

16.72 

18.44 

20.12 

Area 4 [s 

11.44 

13-24 

15.00 16.72 

18.44 

20.12 

d" 


Mor 

nents of Inertia 

Al)out Axis X 

-X for Various 

Distances liack 

0 I’atk of Anj^les 

In*. 


6 i 

73 

83 

93 

104 

114 

123 

132 







6i 

78 


102 

114 

125 

135 

H 5 







7 

83 

98 

III 

124 

136 

H 7 

158 

18} 

820 

942 

1062 1179 

1290 

1401 

7 i 

90 

106 

120 

134 

148 

159 

171 

18^ 

845 

970 

10941 1214 

1329 

1443 

7 i 

97 

H 5 

130 

H 5 

160 

173 

186 

20i 

1024 

1178 

1329 1 H 75 i 

1616 

1755 

fi 

105 

124 

140 

157 

172 

187 

201 

20^ 

1052 

1209 

1364; 1514 1 

1659 

1802 

8 

113 

133 

151 

169 

186 

201 

217 

22i 

1251 

1440 

1625 1804 

1978 

2150 

8} 

121 

142 

162 

181 

200 

216 

233 

22-^ 

1282 

H 75 

1664 I 1848 

2026 

2202 

8i 

12Q 

152 

173 

194 

214 

232 

250 

24 i 

1501 

17^ 

1951 ; 2167 

2377 

258s 

8J 

138 

163 

i8s 

207 

229 

248 

267 

Hi 

1534 

1766 

J994, 2215 

2430 

2642 

9 

H 7 

173 

197 

221 

244 

265 

286 

26i 

1774 

2043 

2307 2564 

2813 

3060 

9 i 

IS6 

184 

210 

236 

260 

282 

304 

lOi 

1810 

2085 

2354 2615 

2871 

3122 

9 i 

166 

196 

223 

250 

276 

300 

334 

28i 

2070 

2385 

2694 2994 

3286 

3575 

9 i 

176 

208 

237 

265 

293 

318 

344 

28J 

2109 

2429 

2744 3049 

3348 

3642 

10 

186 

220 

251 

281 

310 

337 

365 

301 

2389 

2753 

3110 3457 

37^)6 

4130 

loi 

197 

232 

265 

297 

328 

357 

386 

301 

2430 

2801 

31641 35 >7 

3863 

4203 

loj 

207 

245 

280 

3 H 

346 

377 

408 

32} 

2730 

3 >47 

3556 i 3954 

4343 

4726 

loi 

219 

258 

295 

331 

366 

398 

431 

32 i 

2774 

3198 

3614 4018 

4414 

4803 

II 

230 

272 

3II 

349 

38s 

420 

454 

34 i 

3094 

3568 

4032 4484 

4927 

5362 

Hi 

242 

286 

327 

3<^7 

405 

442 

478 

34 ^ 

3142 

36*3 

4094 4552 

5002 

5444 

iij 

2 S 4 

300 

342 

385 

426 

464 

502 

36.1 

3482 

4016 

4539 5047 

5547 

6038 

Hi 

266 

31S 

360 

404 

447 

487 

527 

36 i 

3532 

4073 

4604 5 1 20 

5627 

6126 

12 

277 

330 

377 

424 

469 

511 

553 

381 

3892 

4489 

5075 5645 

6205 

6755 

I2i 

292 

345 

395 

444 

491 

535 

579 

38I 

3945 

4551 

5144 5721 

6289 

6847 

I2j 

305 

361 

413 

464 

513 

560 

606 

40I 

4325 

4990 

5641 627s 

6899 

7312 

I2f 

318 

377 

432 

485 

537 

585 

634 

4 oi 

4381 

5054 

5714 6356 

6988 

7609 

13 

332 

393 

451 

506 

560 

611 

662 

42 i 

4781 

5517 

6237 6939 

7630 

8309 

I 3 i 

346 

410 

470 

528 

583 

638 

691 

42! 

4839 

5584 

6314 7024 

7724 

8411 


361 

427 

490 

550 

609 

665 

721 

44 i 

5259 

6070 

6864 7636 

8398 

9146 

i 3 i 

375 

444 

510 

573 

634 

693 

751 

44 i 

5321 

6141 

6944 7726 

8497 

9253 

14 

390 

462 

530 

596 

660 

721 

782 

46} 

5761 

6650 

7520 8367 

9203 

10023 

Hi 

406 

480 

551 

620 

687 

750 

813 

46J 

5825 

6724 

7604 8461 

9306 

10136 

h 4 

421 

499 

573 

644 

713 

779 

845 

484 

6286 

7256 

8206 9132 

10045 

10941 

Hi 

437 

518 

595 

668 

741 

809 

878 

481 

6353 

7334 

8294 9229 

j 10153 

11058 

IS 

4 S 3 

537 

617 

694 

769 

840 

911 

50I 

6833 

7889 

8922 9929 

’ 10923 

11899 


470 

557 

<>39 

719 

797 

871 

945 

50I 

6903 

7970 

9014 1003 I 

1 11036 

1 202 1 

iSi 

487 

577 

662 

745 

826 

903 

979 

52! 

7403 

8548 

9668 10760 

1 11839 

12897 

isi 

504 

597 

686 

772 

855 

935 

1015 

5 ii 

7476 

8632 

9764 10866 

11956 

13024 

i6 

521 

618 

710 

799 

885 

968 

1050 

54 l 

7996 

9234 

10445 11625 

12791 

1393 s 

i6i 

539 

639 

734 

826 

916 

1002 

1087 

54 i 

8072 

9321 

IOS44 11735 

12913 

14067 

i6i 

557 

660 

759 

854 

947 

1036 

1124 

561 

8612 

9946 

11251 12523 

13781 

15014 

i6i 

575 

682 

784 

882 

978 

1070 

1162 

56I 

8691 

10037 

1 1354 12637 

13907 

15152 


Moment of Inertia of Net Area 

=■ Tabular Value X Net Area -J- 

Gross Area (approx.) 





TABLE $3. — Continued, 

Moments of Inertia of Four Angles with Unequal Legs, Axis X-X. 
Long Legs Turned Out. 










T 

1 

f 








Moments of Inertia 








For Distances 





of Four Anfl 

rles. 



X 


X 

J 



Measured 





Axis 








a 



from 





Long Legs Turned Our 





1 


Back to Back. 











1 

i 







Size. 

5" X "ih". Long Legs Turned Out. 

Thick. 

A'' 

r 

is ' 



i" 



Thick. 

2" 

7 ff 

18 

r 

A" 

r 

U" 

V' 

Area 4[s| 

10.24 

X2.20 

14.12 

16.00 

17.88 

19.68 

21.48 

23.24 

Area 4 [ s 


14.12 

16.00 

17.88 

19.68 

21.48 

23-24 

d" 

Moments of Inertia About Axis X-X for Various Distances Lack to Lack of Angles, In.<. | 


98 

II5 

I3I 

H 5 

160 

I 7 t 

187 

198 









7 i 

los 

124 

141 

157 

173 

188 

202 

214 









8 

113 

133 

152 

169 

186 

202 

218 

231 

20i 

1060 

1221 

1375 

1530 

1676 

1821 

1957 

8i 

121 

H 3 

163 

182 

200 

217 

235 

249 

20^ 

1088 

1254 

1412 

1571 

1721 

1871 

2011 

8i 

I^io 

153 

175 

195 

215 

233 

252 : 

268 

22} 

1298 

H 97 

1686 

1876 

2057 

2236 

2405 

8i 

139 

163 

187 

208 

230 

249 

270 

287 

225 

1330 

1533 

1727 

1922 

2107 

2291 

2464 

9 

148 

174 

200 

222 

246 

267 

28^ 

307 

24 i 

1561 

1800 

2029 

2259 

2477 

2694 

2899 

9 i 

158 

186 

213 

237 

262 

284 

308 

328 

24^ 

1595 

1840 

2074 

2309 

2532 

2754 

2964 

9 i 

167 

197 

226 

252 

279 

303 

328 

349 

26 J- 

1848 

2132 

2404 

2677 

2937 

3194 

3439 

9 i 

178 

209 

240 

268 

296 

322 

348 

371 

26i 

1886 

2175 

2453 

2732 

2997 

3260 

3510 

lO 

188 

222 

254 

284 

3 H 

341 

370 

394 

28i 

2159 

2492 

2810 

3131 

3435 

3738 

4026 

loi 

199 

23s 

269 

300 

332 

362 

392 

418 

28^ 

2200 

2539 

2864 

3190 

3501 

3809 

4102 

loi 

210 

248 

00 

cr 

318 

351 

382 

414 

442 

301 

2495 

2880 

3249 

3621 

3974 

4325 

4659 

io| 

221 

261 

300 

335 

371 

404 

438 

467 

3 oi 

2539 

2930 

3306 

3684 

4044 

4401 

4741 

II 

233 

275 

316 

353 

391 

426 

462 

493 

32 i 


2856 

3296 

3720 

4146 

4551 

4954 

5339 

ni 

24s 

290 

332 

372 

412 

449 

486 

S19 

32 i 


2902 

3350 

3781 

4214 

4626 

5036 

S 4 f 

iij 

258 

394 

349 

391 

433 

472 

512 

547 

34; 


3240 

3741 

4223 

4707 

5*68 

5627 

6065 

ni 

270 

320 

367 

411 

455 

496 

S 38 

574 

34 J 


3290 

3798 

4288 

4780 

5248 

S 7 H 

6*59 

12 

284 

335 

385 

431 

477 

520 

564 

603 

36: 


3649 

4214 

4758 

5304 

Cn 

00 

Cn 

6342 

6838 

I2i 

297 

351 

403 

451 

500 

546 

592 

633 

3<4 


3702 

4275 

4827 

5381 

5909 

6435 

6938 

I2i 

3II 

367 

422 

472 

524 

571 

620 

663 

38: 


4083 

4715 

5325 

5937 

6520 

7101 

7657 

I2i 

325 

384 

441 

494 

548 

598 

648 

694 

381 


4139 

4779 

5398 

6019 

6610 

7199 

7763 

13 

339 

401 

460 

516 

573 

625 

678 

725 

401 


4541 

5244 

5924 

6606 

7255 

7902 

8523 


354 

418 

481 

539 

598 

652 

708 

758 

40 i 


4600 

5312 

6001 

6692 

7350 

8005 

8634 

I 3 i 

369 

436 

501 

q62 

623 

681 

738 

791 

42; 


5023 

5802 

6555 

7310 

8030 

8747 

9435 

i 3 i 

384 

454 

522 

586 

650 

709 

770 

824 

42^ 


5085 

5873 

6636 

7400 

8129 

8855 

9552 

H 

399 

473 

543 

610 

677 

739 

802 

859 

44 i 


5530 

6388 

7217 

8050 

8843 

9634 

10393 

Hi 

41S 

492 

565 

634 

704 

769 

835 

894 

44 ! 


5595 

6463 

7303 

8*45 

8948 

9748 

10517 

Hi 

432 

511 

587 

659 

732 

800 

868 

930 

46: 

: 

6061 

7002 

7912 

8826 

9697 

10564 

11399 

HI 

448 

531 

610 

68 s 

761 

831 

902 

967 

46! 


6129 

7080 

8001 

8925 

9806 

10683 

1*527 

IS 

4^5 

551 

633 

70 

790 

863 

938 

1004 

484 

6616 

7644 

8639 

9637 

10589 

”537 

12450 


482 

571 

657 

738 

819 

89s 

972 

1042 

48} 

6687 

7726 

. 8732 

! 9741 1 10703 

11662 

12585 

* 5 i 

500 

592 

681 

76s 

849 

1 929 

1 1008 

1081 

5 oi 

7196 

8315 

9398 

|i048q iiq2i 

;i 2554 

*3548 

iSi 

518 

613 

70s 

792 

880 

. 962 

1045 

1121 

5 oi 

7270 

8400 

' 9495 

10593 11640 

'll 2684 

, 13688 

i6 

536 

63 s 

730 

► 820 

> 912 

997 

1082 

1161 

52 ^ 

t 

7800 

9013 

10189 

11368 

12492 

1*36*3 

14693 

i6i 

554 

657 

756 

, 849 

► 943 

1032 

1120 

1202 

52 

t 

7878 

9103 

12090 

11481 

12616 

' *3748 

; 14839 

i6i 

573 

679 

781 

878 

! 976 

► 1067 

’ 1159 

1244 

54 

t 

8429 

9740 

1 II 0 I 2 

12287 

13503 

* 47*5 

15884 

16} 

592 

702 

808 

i 908 

1 1009 

> 1104 

1199 

1286 

54 


8509 

9833 

IIII7 

12404] 

13632 

14856 

' *6035 

18 

693 

821 

945 

; 1063 

; 1182 

i 1294 

, 1406 

1510 

56 

[ 

9082 

10496 

» 11867 

13241 

H 5 S 3 

15860 

► 17121 

18} 

7 H 

846 

974 

^ 109 ^ 

> 1219 

> 1334 

^ 1449 

1556 

S6 

[ 

9 » 6 s 

10592 

; 11976 

13363 

14687 

’ 16006 

; 17279 

i8l 

735 

872 

1004 

^ 1129 

> 1256 

>1374 

^ H 93 

1604 

58 

[ 

97 S 9 

11279 

1 12754 

14232 

15642 

17048 

! 18405 

18} 

757 

897 

1033 

[ 1163 

1 1293 

1 1415 

; 1538 

1652 

S8 

i 

9846 

11379 

1 12867 

1*4358.15781 

17199 

) 18569 

Moment of Inertia of Net Area 

“ Tabular Value X Net Area 4 - Gross Area (approx.). 
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TABLE 33. — Continued, 

Moments of Inertia of Four Angles with Unequal Legs, Axis X-X. 
Long Legs Turned Out. 


Moments of Inertis 
of Four AdkIcs, 
Axis X-X, 

Long Legs Turned Out. 




■ ^IL=a..— X 

g// X Long Legs Turneu Out. 


For Distances 
Measured 
from 

Back to Back. 


Thick. 

1" 

7 ff 

ta 

y' 

1 

r' 

ir 1 1" 1 

H" i 



1" 

Area 4 [s 

14.44 

16 72 

19.00 

21,24 ! 

23 44 

25.60 1 

27.76 1 

29.S8 j 

31.92 

34-00 1 

36.00 

d" 


Moments of Inertia 

About Axi 

s X-X for Various Distances Back to Back of Anj 

;les, In.<. 


8J 

178 

203 

227 

251 

273 

293 

3 H 

333 

352 

370 

00 

loi 

273 

312 

350 

387 

423 

455 

489 

521 

551 

581 

606 

loj 

288 

330 

370 

409 

448 

482 

517 

552 

583 

615 

642 

ll\ 

408 

468 

526 

583 

639 

689 

741 

791 

839 

886 

927 

12^ 

427 

490 

551 

611 

669 

722 

777 

829 

879 

929 

972 

Hi 

572 

658 

740 

822 

901 

974 

1049 

1122 

1190 

1259 

1320 

Hi 

595 

684 

770 

855 

937 

1013 

1092 

1167 

1238 

1310 

1374 

ibi 

765 

881 

992 

1103 

1210 

1310 

1413 

1512 

1605 

1700 

1784 

i6i 

791 

911 

1027 

1141 

1252 

1356 

1462 

1564 

1662 

1760 

1848 

l8i 

987 

1137 

1282 

1426 

1566 

1698 

1831 

1961 

2084 

2209 

2321 

i8i 

1017 

II7I 

1321 

M 70 

1614 

1750 

1888' 

2022 

2149 

2177 

2393 

20l 

1238 

1427 

1611 

1792 

1969 

2136 

2306 

2471 

2627 

2786 

2930 

2o| 

1271 

1465 

1654 

1841 

2023 

2195 

2369 

2539 

2700 

2863 

3011 

22i 

1518 

1750 

1077 

2201 

2419 

2626 

2836 

3040 

3234 

3431 

3611 

2 l\ 

1555 

1793 

2025 

225s 

2478 

2691 

2906 

3115 

3315 

3516 

3701 

241 

1826 

2107 

2381 

2652 

2916 

3*67 

3421 

3669 

3905 

4144 

4363 

24 i 

1867 

2154 

2434 

2711 

2981 

3238 

3498 

3752 

3993 

4238 

4463 

26\ 

2164 

2497 

2823 

3 H 5 

3459 

3759 

4062 

4358 

4639 

4925 

5188 

26i 

2208 

2548 

2881 

3210 

3530 

3837 

4146 

4448 

4736 

5027 

5296 

28 i 

2530 

2920 

3303 

3681 

4050 

4402 

4759 

5106 

5438 

5775 

6085 

28J 

2578 

2976 

3366 

3751 

4127 

4486 

4850 

5204 

5542 

5885 

6202 

3 oi 

2925 

3377 

3821 

4259 

4687 

5097 

5511 

59 H 

6300 

6692 

7054 

30 i 

2977 

3437 

3889 

4335 

4770 

5187 

5609 

6020 

6412 

6810 

7180 


3349 

3868 

4377 

4880 

5371 

5842 

6318 

6782 

7226 

7677 

8094 

32 i 

3404 

3931 

4450 

4961 

5460 

5939 

6423 

6895 

7346 

7804 

8230 

34 t 

3802 

4391 

4971 

5544 

6102 

6639 

7181 

7710 

8216 

8730 

9207 

34 i 

3861 

4459 

5048 

5629 

6197 

6743 

7293 

7830 

8344 

8865 

9351 

36 i 

4284 

4949 

5604 

6249 

6880 

7488 

8100 

8698 

9269 

9851 

10392 

36 i 

4346 

5021 

5685 

6341 

6981 

7597 

8219 

8825 

9406 

9995 

IOS 45 

38I 

4795 

5539 

6274 

6998 

7705 

8387 

9074 

9745 

10387 

1 1040 

11649 

38J 

4861 

5616 

6360 

7094 

7811 

8503 

9200 

9880 

10531 

1 1 192 

11811 

4 oi 

5334 

6164 

6982 

7788 

8577 

9337 

10104 

10852 

11568 

12297 

12978 

40 i 

5404 

6244 

7073 

7890 

8689 

9460 

10236 

10995 

1 1720 

12458 

13149 

4 *t 

5903 

6821 

7728 

8622 

9495 

10339 

11189 

12019 

12813 

13622 

14378 

42 1 

5976 

6906 

7824 

8729 

9613 

10468 

11328 

12169 

12974 

13791 

HSS8 

44 l 

6500 

7512 

8512 

9497 

10461 

1 1392 

12329 

13245 

14122 

15015 

15851 

44 i 

6577 

7601 

8613 

9610 

10585 

11527 

12476 

13403 

14291 

15193 

16040 

46 i 

7 «J 7 

8237 

9334 

10416 

11473 

12496 

13526 

H 532 

1549s 

16476 

17396 

46 § 

7207 

8330 

9440 

10533 

11603 

12638 

13679 

14697 

15671 

16^2 

I 7 S 94 

48 i 

7787 

899s 

IOI94 

11376 

12533 

13651 

»4777 

15878 

16932 

18005 

19013 

48J 

7866 

9092 

10305 

1 1499 

1 2668 

13800 

14938 

16050 

17116 

18199 

19220 


Moment of Inertia of Net Area *= Tabular Value X Net Area -i- Gross Area (approx.)- 
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TABLE 33. — Continued* 

Moments of Inertia of Four Angles with Unequal Legs, Axis X-X. 
Long Legs Turned Out. 



Moments of Inertia 
of Four Angles, 

Axis X-X, 

Long Legs Turned Out. 


r 

j 

f 

1 

1 

i. 

For Distances 
Measured 
from 

Back to Back. 


Size. 

6'' X 4''. Long Legs Turned Out. 

Thick. 

I" 

iV' 

y' 

A" 

1" 

11" 

i" 

13 " 

i" 

18 " 

1" 

Area 4 [s 

M-44 

16.72 

19.00 

ai.a 4 

23 44 

a5.6o 

37.76 

39.88 

31.9a 

34-00 

36.00 

d" 

Moments of Inertia About Axis X-X for Various Distances Back to Back of Angles. In.^. | 

Soi 

8466 

9786 

1 1093 

12379 

13639 

14858 

16085 

17284 

18433 

19602 

20701 

Soi 

8553 

9887 

1 1 207 

12508 

13780 

I5OI2 

16252 1 

17464 

18625 

19805 

20917 

5 =i 

9179 

10611 

12029 

13425 

14792 

161 16 

•7447 ; 

18749 

19997 

21267 

22462 

52 i 

9270 

10716 

12148 

13559 

14939 

16277 

17622 I 

18937 

20197 

21478 

22687 

S 4 i 

9921 

11469 

13003 

14513 

15992 

17425 

18866 ! 

20275 

21626 

23000 

24295 

S 4 i 

loois 

1 1579 

13127 

14652 

16145 

17592 

19047 

20470 

21833 

23220 

24529 

s6i 

10691 

12361 

14015 

15644 

17238 

18785 

20339 

21860 

23318 

24801 

26200 

56 i 

10789 

12475 

14144 

15788 

17397 

18958 

20527 

22062 

23533 

25029 

26443 

S8i 

1 1491 

13286 

15065 

16817 

18532 

20196 

21869 

23505 

25074 

26669 

28176 

S8i 

1 1593 

13404 

15 199 

16967 

18697 

20376 

22064 

23715 

25297 

26907 

28429 

6oi 

12319 

14244 

16153 

18032 

19873 

21659 

23453 

25209 

26894 

28606 

30225 

6o\ 

12425 

14367 

16292 

18187 

20043 

21845 

23655 

25427 

27125 

28852 

30486 

62I 

13176 

15236 

17279 

I929I 

21260 

23172 

25094 

26974 

28778 

3061 1 

32346 

62I 

13286 

15363 

17423 

1945 I 

21437 

23365 

25303 

27199 

29017 

30866 

32616 

64 i 

14063 

16262 

18443 

20591 

22694 

24737 

26790 

28798 

30725 

32684 

34539 

64 i 

14175 

16392 

18592 

20757 

22877 

24937 

270^ 

29030 

30972 

32947 

34818 

66i 

14978' 

17321 

19646 

21934 

24175 

26353 

28541 

30682 

32736 

34825 

36803 

66J 

15094 

17455 

19799 

22105 

24364 

26559 

28764 

30922 

32991 

35097 

37092 

68i 

15922 

18413 

20886 

23320 

25703 

28021 

30348 

32625 

34811 

37034 

39140 

68} 

16042 

18552 

21043 

23496 

25898 

28233 

30578 

32873 

35074 

37314 

39437 

7 oi 

1689^. 

19539 

22164 

24747 

27278 

29739 

32210 

34629 

36950 

393 1 1 

41549 

70} 

17018 

19682 

22326 

24929 

27478 

29958 

32447 

34885 

37221 

39600 

41855 

72i 

17896 

20698 

23480 

26218 

28900 

31509 

34128 

36692 

39153 

41656 

44030 

72 i 

18023 

20845 

23647 

26405 

29106 

31734 

34372 

36955 

39432 

41953 

44345 

74J 

19057 

22042 

25006 

27923 

30781 

33561 

36352 

39086 

41707 

44375 

46907 

76} 

201 2 1 

23272 

26403 

29484 

32502 

35440 

38388 

41276 

44045 

46864 

49540 

78} 

21212 

24536 

27838 

31087 

34270 

37370 

40480 

43526 

46447 

49422 

52246 

8oi 

22333 

25833 

293 1 1 

32733 

36086 

39350 

42627 

45836 

48914 

52047 

55024 

82} 

23483 

27164 

30822 

34421 

37948 

41383 

44829 

48205 

51444 

54741 

57874 

84} 

24662 

28528 

32370 

36151 

39857 

43466 

47087 

50634 

54037 

57502 

60795 

86} 

25869 

29925 

33957 

37925 

41812 

45600 

49401 

53123 

5669s 

60332 

63789 

88} 

27105 

31356 

35582 

39740 

43815 

47786 

51770 

55672 

59417 

63229 

66855 

90} 

28371 

32821 

37245 

41598 

45865 

50023 

54194 

58281 

62202 

66195 

69993 

92} 

29665 

34318 

38946 

43499 

47961 

523II 

56674 

60949 

65051 

69228 

73202 

94J 

30988 

35850 

40685 

45442 

50105 

54651 

59210 

63677 

67964 

72330 

76484 

96J 

32340 

374 H 

42462 

47427 

52295 

57041 

61801 

66465 

70941 

75499 

79838 

98J 

33720 

39012 

44277 

49455 

54532 

59483 

64448 

69312 

73982 

78736 

83264 

100} 

35130 

40644 

46129 

51526 

56816 

61976 

67150 

72220 

77086 

82402 

87761 

102} 

36569 

43309 

48020 

53639 

59147 

64520 

69908 

75187 

80254 

85415 

90331 

104} 

38036 

44007 

49949 

55794 

61524 

67115 

72721 

78214 

83487 

88857 

93973 

1 Moment of Inertia of Net Area — Tabular Value X Net Area + Gross Area (approx.). 
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TABLE 33. — Continued, 

Moments of Inertia of Four Ancles with Unequal Legs, Axis X-X. 
Long Legs Turned Out. 


Moments of Inertia 
of Four- Angles, 
Axis X-X. 

Long Legs Turned Out. 


T 


=i][L=. 


For Distances 
Measured 
from 

Back to Back. 


Size, 




8"> 

< 6 ", Long Legs Turn 

ed Out. 




Thick. 

is" 



I" 

ir 

r 

inff ! 

la 1 

i" 1 

\r 

1*' 

Area 4[8 

23.73 

27.00 

30.24 

33-44 

36.60 

39-76 

42.88 1 

1 

4592 1 

49.00 

52.00 

d" 

Moments of Inertia About Axis 

X-X for Various Distances Back 

to Back of Angles, In. 

4, 

I 2 h 

624 

704 

778 

853 

926 

997 

1062 

1128 

1193 

*255 

Hi 

841 

950 

1053 

1156 

1256 

1354 

*445 

1536 

1627 

1714 

Hi 

875 

989 

1096 

1203 

1308 

1410 

1505 

1600 

*695 

1786 

i6i 

1134 

1283 

1423 

1564 

1701 

1837 

1963 

2089 

2214 

2335 

i6i 

1174 

1328 

H 74 

1620 

1762 

1902 

2033 

2164 

2295 

2420 

l8i 

H 74 

1669 

1854 

2039 

- 2220 

2398 

2566 

2733 

2900 

3061 

isj 

1520 

1721 

1912 

2103 

2290 

2474 

2647 

2820 

2993 

3159 

20 \ 

1862 

2109 

2346 

25c!l 

2812 

3040 

3255 

3469 

3683 

3890 

2 oi 

1914 

2168 

2^11 

2654 

2891 

3125 

3347 

3568 

3788 

4001 

22i 

2297 

2604 

2898 

3190 

3477 

3761 

4030 

4297 

4565 

4823 

22^ 

2355 

2 ''>69 

2971 

3271 

3365 

3856 

4133 

4407 

46s 2 

4947 

24 i 

2780 

3152 

3510 

3866 

4215 

4561 

4890 

5217 

5545 

5861 

Hi 

2844 

3224 

3591 

3955 

4312 

4667 

5004 

5338 , 

5674 

5998 

26} 

3310 

3754 

4183 

4609 

5026 

5441 

5837 

6228 

6622 

7002 

26} 

3380 

3833 

4271 

4706 

5133 

5556 

5961 

6361 

6764 

7152 

28} 

3888 

4411 

4916 

5418 

5911 

6400 

6869 

7332 

7798 

8248 

28i 

3963 

4497 

5012 

5524 

6027 

6526 

7004 

7476 

7951 

8411 

3 °! 

4513 

5121 

5710 

6295 

6869 

7439 

7987 

8527 

9071 

9597 

30J 

4594 

5214 

5813 

6409 

6994 

7575 

8*33 

8683 

9237 

9773 

12} 

5183 

5885 

6564 

7238 

7900 

8538 

9190 

9814 

10443 

11050 

32 i 

5273 

5985 

6675 

7361 

8034 

8703 

9347 

9982 

10621 

11239 

34 i 

5905 

6704 

7479 

8248 

9004 

9756 

10480 

11193 

11912 

12608 

34 i 

5999 

6810 

7598 

8379 

9 H 7 

9911 

10647 

11372 

12103 

12810 

36} 

6672 

7576 

8454 

9326 

10181 

1 103 3 

*1855 

1 2664 

13480 

14269 

36 i 

6772 

7689 

8580 

9465 

10334 

11198 

*2033 

12854 

13682 

*4484 

38 i 

7487 

8503 

9490 

10470 

11432 

12390 

* 33*6 

14227 

*5*45 

*6035 

38 i 

7593 

8622 

9624 

10617 

1 1594 

*2565 

*3505 

14428 

15360 

16263 

4 oi 

8349 

9483 

10586 

1 1680 

12756 

*3827 

14863 

15881 

16909 

17904 

40 i 

8461 

9609 

10727 

11836 

12927 

1401 2 

15062 

16094 

*7136 

18145 

42} 

9259 

10517 

1 1 743 

12958 

* 4*53 

15342 

*6495 

17627 

*8770 

19877 

42} 

9376 

10650 

11892 

13123 

*4333 

15538 

*6705 

17852 

19010 

20131 

44 i 

10216 

116^ 

1 2960 

14303 

*5623 

16937 

18213 

19466 

20730 

21955 

44 i 

10339 

11746 

13116 

14476 

15812 

I 7 H 3 

*8434 

19702 

20981 

22222 

46} 

11221 

12748 

14238 

157*4 

17*67 

18612 

20017 

21396 

22787 

24136 

46} 

11350 

1289s 

14402 

*5895 

*7365 

18828 

20249 

21643 

23051 

24416 

48} 

12273 

13944 

15576 

* 7*93 

*8783 

20367 

21907 

23417 

24943 

26422 

48 i 

12408 

14098 

*5747 

*7382 

18990 

20593 

22149 

23677 

25219 

26715 

soi 

13372 

15195 

16974 

*8738 

20473 

22201 

23882 

2553* 

27196 

00 

00 

e 4 

s 4 

13513 

15355 

J7153 

*8936 

20689 

22437 

HHS 

25082 

27485 

29117 

52} 

14519 

16499 

18433 

20350 

22236 

24115 

25944 

27737 

29548 

31304 

52 i 

14666 

16666 

18620 

20556 

22462 

24360 

26207 

28019 

29848 

31623 


Moment of Inertia of Net Area *=* Tabular Value X Net Area -f- Gross Area (approx.). 
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TABLE 33. — Continued. 

Moments of Inertia of Four Angles with Unequal Legs, Axis X-X. 
Long Legs Turned Out. 






'nr — T 






Moments of Inertia 




i 


For Distances 



of Four Angles. 


r 

X I 


Measured 



Axis X-X. 



— d 


from 


Lonff Legs Turned Out. 



• 

• 


Back to Back. 






c=illL=.. — i 





Size. 




g// ^ l.ong Legs Turned Out. 




Thick. 



A" 

1" 

U" 


\r 

1" 


1 '' 

Area 4[s 

23 72 

27.00 

30.24 

33-44 

36.60 

39-76 

42.88 

45-92 

49.00 

52.00 

d" 

Moments of Inertia About Axis 

X-X for Various Distances Lack to Lack of Angles, In.<. 

54 i 

15713 

17858 ! 

I 99 S 3 

22029 

24072 

26108 

28091 

30034 

31997 

33902 

54 i 

15866 

18031 ' 

20147 

22244 

24307 

26364 

28365 

30328 

32310 

34234 


16955 

19270 

2 IS 33 

23775 

25982 

28181 

30323 

32423 

34545 

36603 


I7II4 

19450 

21735 

23998 

26226 

28446 

30603 

32728 

34870 

36948 

S8i 

18244 

20736 

23174 

25588 

27964 

30333 

32642 

34904 

37190 

39409 

S8i 

18409 

20923 

23383 

25819 

28217 

30^8 

32938 

35221 

37328 

39767 

6oi 

19581 

22257 

24875 

27467 

30020 

32564 

35046 

37477 

39934 

42318 

6oJ 

1975 I 

22450 

25091 

27707 

30282 

32850 

35353 

37805 

40284 

42689 

62i 

20965 

23831 

26636 

29414 

32149 

34876 

37536 

40142 

42775 

4 S 33 I 

62! 

2II4I 

24032 

26860 

29662 

32420 

35I7I 

37853 

40482 

43137 

45715 

64 i 

22396 

25439 

28458 

31427 

34351 

37266 

40112 

42899 

45715 

48449 

64 ] 

22579 

25667 

28690 

31684 

34632 

37572 

40440 

43250 

46089 

48846 

66i 

*3875 

27142 

30340 

33508 

36627 

39737 

42774 

45747 

48752 

51670 

66| 

24064 

27356 

30580 

33772 

36916 

40052 

43112 

461 10 

49139 

52080 

68i 

25402 

28873 

32283 

3565s 

38975 

42287 

45521 

48687 

51888 

54996 

68} 

25596 

29099 

32530 

35928 

39274 

42612 

45870 

49061 

52287 

55419 

7 oi 

26976 

30669 

34287 

37869 

41397 

44916 

48354 

51719 

55121 

58425 

7 oi 

27176 

30896 

34 S 4 I 

38150 

41705 

45251 

48714 

52105 

55532 

58861 

72 i 

28597 

32513 

36351 

40150 

43892 

47625 

51273 

54843 

58453 

61958 

72J 

28803 

32747 

36613 

40440 

44209 

47970 

51644 

55240 

58876 

62407 

74 l 

30478 

34652 

38745 

42796 

46787 

50768 

54659 

58468 

62318 

66058 

76 i 

32200 

36611 

40937 

45219 

49437 

53646 

57760 

61787 

65858 

69812 

78J 

33969 

38625 

43190 

47709 

52161 

56603 

60947 

65198 

69493 

73671 

8o| 

35786 

40692 

45503 

50266 

54958 

59640 

64220 

68700 

73231 

77633 

82) 

37651 

42813 

47877 

52889 

57828 

62757 

67578 

72295 

77065 

81699 

84J 

39562 

44988 

50312 

55800 

60771 

65953 

71022 

75981 

80997 

85870 

86J 

41522 

47217 

52806 

58337 

63788 

69228 

74552 

79760 

85026 

90144 

88| 

43528 

49500 

55362 

61162 

66878 

72583 

78168 

83630 

89154 

94523 

9 oi 

45583 

51837 

57977 

64033 

70041 

76017 

81869 

87592 

93380 

99005 

92I 

47684 

54228 

60654 

67011 

73277 

7953 1 

85656 

91646 

97704 

103591 

94 * 

49833 

56674 

63390 

70036 

76586 

83125 

89529 

95791 

102125 

108282 

96* 

52030 

59173 

66188 

73128 

79969 

86798 

93488 

100029 

106645 

113076 

98 * 

54274 

61726 

69045 

76287 

83425 

9055* 

97532 

104358 

111263 

1 1 7975 

ICX>J 

56565 

64333 

71963 

79512 

86954 

94383 

101662 

108779 

1 1 5979 

122977 

102} 

58904 

66994 

74942 

82805 

90556 

98294 

105878 

113292 

120792 

128083 

I04J 

61290 

69709 

77981 

86164 

94231 

102285 

110180 

117897 

125 04 

133294 

I06J 

63724 

72478 

8 1081 

89590 

97980 

106356 

114567 

122594 

130714 

138608 

108 1 

66205 

7 S 30 I 

84241 

93084 

101802 

110506 

I 1904 I 

127382 

135822 

144027 

iioi 

68733 

78178 

87461 

96644 

105697 

114736 

123600 

132263 

141028 

149549 

112f 

71309 

8IIIO 

90742 

100270 

109665 

119045 

128244 

137235 

146331 

15517s 

Moment of Inertia of Net Area 

« Tabular ’ aluc X Net Area Gross Area (approx.). 
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TABLE 34. 

Moments of Inertia of Four Angles with Unequal Legs, Axis X-X. 
Short Legs Turned Out. 



Moments of Inertia 
of Four Anules, 

Axis X-X, 

Short Legs Turned Out. 


X_ 

£ 

uo 

JL 

- 1 

• 

• 

L 


For Distances 
Measured 
from 

Back to Back. 



Size. 

3" 


Short Legs Out, | 


X 

Short Legs Out, | 

4' 

' X 

Short Legs Out. 

Thick. 

i" 

jV' 

1" 


r 


iV^_ 

1" 


i" 

iV' 

r 

iV' 

f ' 


Area 4 [ s 

5.2* 

6.48 

7.68 

8.88 

10.00 

5.76 

7.1a 

8-44 

9.72 

11.00 

8.36 

9 92 

11.48 

13.00 

14.48 

d" 


Moments of Inertia 

About Axis X 

-X for Various 

Distances Back to Back of Angles. In.*. 


6 i 

33 

41 

47 

53 

59 











6 i 

37 

44 

51 


65 











7 

40 

48 

56 

64 

71 











7 \ 

43 

53 

61 

70 

77 











7 h 

47 

57 

66 

76 

84 

47 

57 

67 

76 

84 






7 i 

SI 

62 

72 

82 

91 

51 

62 

72 

82 

92 






8 

55 

67 

78 

89 

98 

55 

67 

78 

89 

99 






8 i 

59 

72 

84 

95 

106 

60 

72 

84 

96 

107 







63 

77 

90 

102 

114 

64 

78 

91 

103 

115 

88 

103 

II8 

131 

144 

8i 

68 

83 

96 

no 

122 

69 

83 

97 

III 

124 

95 

III 

127 

141 

155 

9 

72 

88 

103 

118 

131 

73 

89 

104 

1 19 

133 

lOI 

119 

136 

151 

166 

9 \ 

77 

94 

no 

I2S 

140 

78 

95 

112 

127 

142 

108 

127 

145 

161 

178 

9 i 

82 

100 

117 

134 

149 

84 

101 

119 

136 

152 

115 

135 

155 

172 

190 

9 l 

87 

107 

124 

142 

158 

89 

108 

127 

144 

162 

123 

144 

165 

184 

202 

10 

92 

113 

132 

HI 

168 

94 

115 

135 

153 

172 

130 

153 

175 

195 

215 

loi 

98 

120 

140 

160 

178 

100 

122 

143 

163 

182 

138 

162 

186 

207 

229 

loj 

104 

127 

148 

169 

189 

106 

129 

HI 

173 

193 

147 

172 

197 

220 

242 

lol 

109 

134 

156 

179 

200 

112 

136 

160 

183 

205 

155 

182 

209 

233 

257 

II 

iH 

141 

165 

189 

211 

118 

144 

169 

193 

216 

164 

192 

221 

246 

272 

Hi 

121 

149 

174 

199 

222 

125 

152 

179 

204 

228 

173 

203 

233 

260 

287 

Ili 

127 

I. 36 

183 

210 

234 

13 1 

160 

I .8 

215 

241 

182 

214 

24s 

274 

303 

iii 

H 4 

164 

192 

220 

246 

138 

168 

198 

226 

253 

192 

225 

258 

289 

319 

12 

140 

172 

202 

231 

2q8 

145 

177 

208 

237 

266 

201 

237 

272 

304 

335 

I2i 

H 7 

i8i 

21 1 

243 

271 

152 

186 

218 

249 

280 

21 1 

249 

285 

319 

352 

I 2 i 

154 

189 

222 

254 

284 

159 

195 

229 

261 

293 

222 

261 

299 

335 

370 

I2i 

161 

198 

232 

266 

297 

167 

204 

240 

274 

308 

232 

273 

314 

351 

388 

13 

168 

207 

242 

278 

3II 

175 

213 

251 

287 

322 

243 

286 

329 

368 

406 

I 3 i 

176 

216 

253 

290 

325 

182 

223 

262 

300 

337 

254 

299 

344 

385 

425 

i 3 i 

184 

225 

264 

303 

339 

190 

233 

274 

313 

352 

265 

313 

359 

402 

444 

i 3 i 

191 

23s 

275 

316 

353 

199 

243 

286 

327 

367 

277 

326 

375 

420 

464 

14 

199 

244 

287 

329 

368 

207 

253 

298 

341 

383 

289 

340 

391 

438 

484 

Hi 

207 

254 

299 

343 

383 

216 

264 

3II 

355 

400 

301 

355 

407 

457 

505 

14J 

215 

266 

310 

357 

399 

224 

275 

323 

370 

415 

3 H 

369 

424 

476 

526 

Hi 

223 

275 

323 

371 

415 

233 

286 

336 

385 

432 

326 

384 

442 

495 

548 

15 

232 

285 

335 

385 

431 

242 

297 

349 

400 

450 

339 

400 

459 

515 

570 

Hi 

241 

296 

348 

400 

447 

252 

308 

363 

415 

467 

352 

415 

477 

535 

592 

Hi 

250 

307 

361 

415 

464 

261 

320 

377 

431 

48s 

366 

431 

495 

556 

615 

Hi 

258 

318 

374 

430 

481 

271 

332 

391 

447 

503 

379 

447 

514 

577 

639 

16 

268 

330 

387 

445 

498 

281 

344 

405 

464 

522 

393 

464 

533 

599 

663 

i6i 

277 

341 

401 

461 

516 

291 

356 

420 

480 

540 

408 

481 

553 

620 

687 

i6t 

287 

353 

4 H 

477 

534 

301 

369 

434 

497 

560 

422 

498 

573 

643 

712 

16} 

297 

36s 

429 

493 

552 

3 H 

381 

450 

515 

579 

437 

SH 

593 

665 

737 

18 

348 

428 

S03 

579 

648 

366 

449 

529 

606 

682 

514 

607 

699 

78s 

870 

i8i 

358 

441 

S19 

596 

669 

377 

463 

546 

62s 

704 

531 

626 

721 

810 

898 

i8i 

369 

454 

S 34 

61 s 

689 

389 

477 

563 

645 

726 

547 

646 

744 

836 

926 

18} 

380 

468 

SSO 

633 

710 

401 

492 

580 

664 

748 

564 

6^ 

767 

862 

955 


Moment of Inertia of Net Area « Tabular Value X Net Area Gross Area (approx.). 


%3 




TABLE 34. — Continued, 

Moments of Inertia of Four Angles with Unequal Legs, Axis X-X. 
Short Legs Turned Out. 



Moments of Inertia 
of Four Angles. 

Axis X-X. 

Short Legs Turned Out. 



11 

1; 

=3 



f 

1 

i. 


For Distances 
Measured 
from 

Back to Back. 



Size. 

s'' X 3"» Short Legs Turned Out. 

Thick. 

1C 

1 " 

7 n 

18 

1" 

1?3" 

1 " 

ir 

Thick. 

i" 

T // 

Ifi 

i// 

1"." 

i " 1 

U" 

Area 4[s 

9.60 

11.44 

^J .24 

15.00 

16.72 

18.44 

20.12 

.Area [^s 

11.44 

1324 

15.00 

16 72 

18 44 

■2U.12 

d'' 


Mn 

ments of Inertia About Axis X-X for Various Distances Hack t( 

> Ik\ck of Angles, 

In.«. 


lOj" 

147 

174 

198 

222 

244 

265 

286 

22I 

1046 

1202 

1356 

1505 

ir >49 

1791 

loi 

156 

184 

210 

235 

259 

281 

303 

22i 

1073 

1234 

1392 

1544 

1692 

1838 

II 

165 

195 

222 

249 

274 

298 

322 

24 1 

1273 

1464 

1652 

•835 

201 1 

2186 

Hi 

174 

206 

235 

263 

290 

315 

340 

242 

1303 

1499 

1692 

1878 

2059 

2238 

Ili 

184 

217 

248 

278 

307 

333 

360 

26 i 

1523 

1753 

1979 

2198 

2410 

2620 

III 

194 

229 

261 

293 

323 

352 

380 

26^ 

1556 

1791 

2022 

2245 

24C3 

2678 

12 

204 

241 

275 

309 

341 

371 

401 

zSi 

1796 

2068 

2335 

2594 

2847 

3950 

12 1 

215 

253 

289 

325 

359 

390 

422 

283 

183 1 

2109 

2382 

2646 

2904 

3158 

I2j 

226 

266 

304 

342 

377 

411 

444 

30 t 

2091 

2409 

2721 

3024 

3320 

3611 


237 

280 

319 

359 

396 

431 

467 

30J 

2130 

2454 

2772 

3080 

3381 

3678 


248 

^293 

335 

376 

416 

453 

490 

32I 

2410 

2777 

3137 

3487 

3829 

4166 

i 3 i 

2^ 

307 

351 

394 

436 

475 

5 H 

322 

2451 

2825 

3192 

3547 

3896 

4239 

I 3 i 

272 

321 

367 

413 

456 

497 

538 

34I 

2751 

3172 

3584 

3984 

4376 

4762 

i 3 i 

284 

336 

384 

432 

477 

520 

5^>3 

34 i 

2796 

3223 

3642 

4048 

4447 

4839 

H 

297 

351 

401 

451 

499 

544 

589 

36 i 

3116 

3593 

4060 

45 H 

4960 

5398 

I 4 i 

310 

366 

419 

471 

521 

568 

615 

36I 

3163 

3647 

4122 

4583 

5035 

5480 

Hi 

323 

3^82 

437 

492 

544 

593 

642 

38 i 

3503 

4040 

4566 

5078 

5580 

6074 

Hi 

336 

398 

456 

512 

567 

619 

670 

38 i 

3553 

4098 

4632 

5151 

5660 

6162 

IS 

350 

414 

475 

533 

591 

645 

698 

40I 

3913 

45 H 

5102 

5<>75 

6238 

6791 

isi 

364 

431 

494 

556 

615 

671 

727 

40J 

3966 

4575 

5172 

5752 

6322 

6883 

iSi 

379 

448 

5 H 

578 

640 

698 

757 

42 1 

4346 

5014 

5669 


69 2 

7547 

isi 

393 

467 

534 

601 

665 

726 

787 

42 i 

4402 

5079 

5742 

6386 

7021 

764s 

i6 

408 

484 

554 

624 

691 

754 

818 

441 

4802 

5541 

6265 

6969 

7663 

8344 

i6i 

424 

502 

575 

647 

717 

783 

849 

44 ^ 

4861 

5609 

6342 

7055 

7757 

8447 

i6i 

439 

520 

597 

672 

744 

813 

881 

46 i 

5281 

6094 

6891 

7667 

843* 

9182 

i6i 

455 

539 

618 

696 

771 

843 

914 

46 j 

5342 

6165 

6972 

7756 

8530 

9289 

17 

472 

558 

641 

721 

799 

873 

947 

48} 

3782 

6674 

7547 

8398 

9236 

10059 

i 7 i 

488 

578 ; 

663 

747 

827 

904 

981 

48J 

5847 

6748 

7<>32 

8491 

9339 

10172 

I 7 i 

505 

598 

6S6 

773 

856 

93 ^> 

1015 

5OI 

6307 

7280 

8234 

9162 

10078 

10977 

i 7 i 

522 

618 

710 

799 

886 

969 

1051 

5 oi 

6374 

7358 

8322 

92 0 

IOI86 

1 1094 

i8 

539 

639 

733 

826 

916 

lOOI 

1086 

52 i 

6854 

7913 

8950 

9960 

10956 

II 93 S 

i8l 

557 

660 

758 

854 

946 

1015 

1123 

52 i 

6924 

7994 

9042 

10062 

I 1069 

1 2057 

i8i 

575 

682 

782 

882 

977 

1069 

1 160 

54 l 

7425 

8572 

9696 

I 079 I 

11872 

12933 

i8i 

593 

703 

808 

910 

1009 

1104 

1 198 

54 i 

1 7497 

8657 

9792 

10897 

11989 

13060 

20 

690 

818 

939 

1059 

1174 

1285 

1395 

56 i 

8018 

9258 

10472 

0655 

12824 

13971 

20i 

710 

841 

967 

1090 

1209 

1323 

1437 

56 i 

8094 

9346 

10572 

11766 

12946 

14 104 

20i 

730 

866 

995 

1122 

1241 

1362 

H 79 

S8i 

8634 

9970 

11279 

12553 

13814 

15050 

20i 

751 

890 

1023 

1154 

1280 

1401 

1522 

58 i 

8712 

10061 

11382 

12668 

13940 

15187 

21 

772 

91s 

1052 

1 186 

1316 

1441 

1565 

60} 

9273 

10709 

I 2 I 15 

13485 

14840 

16169 

2lJ 

793 

941 

1081 

1219 

1353 

1482 

1609 

6oi 

9354 

10803 

12222 

13603 

14971 

16311 

2li 

815 

966 

II 1 1 

1253 

1390 

1523 

>654 

62i 

9935 

11474 

12981 

14450 

15903 

173*8 

2l| 

837 

992 

1 141 

1287 

1428 

1564 

1699 

62 i 

10019 

11571 

13092 

HS 73 

16038 

•7475 


Moment of Inertia of Net Area = Tabular Value X Net Area -h Gross Area (approx.). 





TABLE 34. — Continued, 

Moments of Inertia of Four Angles with Unequal Legs, Axis X-X. 
Short Legs Turned Out. 









Tf 

=»" y 









Moments of Inertia 







For Distances 





of tour Angles, 


2 

r 

X a 



Measured 





Axis X-X, 








from 





Short Legs Turned Out. 







Back to Back. 










j 

=3 i. 







Size. 

5"X si". Short Legs Turned Out. 

Thick. 

1" 

iS" 

V' 


1" 

ir 


'1‘hick. 

1" 



A" 

i" 

U" 

r 

Area 4 [s 

13.20 

14.12 

16.00 

17.88 

19.68 

21 48 

23-^4 

Vrea 4I s 

12.20 

14.12 

16.00 

17.88 

19.68 

21.48 

2324. 

d" 

Moments of Inertia About \xis X-X for Various Distances Back to Back of Angles, ln.<. | 

loj 

193 

221 

246 

272 

296 

320 

340 

324 

2601 

3002 

3388 

3775 

4>43 

1 

4509' 

4859 

lOi 

204 

234 

261 

288 

314 

339 

361 

32i 

2646 

3054! 3446 

3840; 4214 

45871 

4942 

11 

216 

247 

276 

305 

332 

359 

382 

34} 

2967) 3426; 3867 

43091 4731 

5149, 

5550 

iii 

228 

261 

292 

322 

351 

380 

405 

34} 

3015 

3481 

3929 

4379; 4807 

5233; 

5639 

iii 

240 

275 

308 

340 

371 

401 

428 

36} 

3358 

3877, 4378 

4880I 5357 

5833' 

6288 

iii 

253 

290 

324 

359 

391 

423 

451 

3 ^i 

3409 

3936 

4444 

4953 

5439 

5921, 

6383 

12 

266 

305 

341 

378 

412 

445 

475 

38i 

3773 

4357 

4920 

5485 

6024 

6559I 

7072 

12} 

280 

321 

359 

398 

433 

469 

SOI 


3827 

4419: 4990 

55C'4 

61 10 

6653 

7173 

I2i 

291 

337 

377 

418 

456 

493 

526 

40} 

4213 

4866; S495 

6127 

6729, 7328 

7903 

12} 

308 

354 

396 

439 

478 

517 

553 

40J 

4270 

4931 

SS (>9 

6210; 6820 7427 

8010 

*3 

323 

370 

415 

460 

502 

543 

580 

42i 

4677 

5402 

6102 

6SO5 

7474' 8140 

8780 

I3i 

338 

388 

434 

482 

525 

569 

608 

42} 

4737 

5471 

6180 6892 

7570' 8245 8893 

i3i 

353 

406 

454 

504 

550 

595 

637 

44i 

5165 

5967; 6741 

7518 

8258 

8995, 9704 

I3i 

369 

424 

475 

527 

575 

623 

666 

44} 

5228 

6039 

6823 

7610 

8359; 9105 

9822 

14 

j86 

443 

496 

551 

601 

631 

6 6 

46t 

5678 

6560, 7412 

8267, 9082 

9894’ 10674 

14} 

402 

462 

51S 

575 

627 

679 

727 

46J 

5744 

6636: 7498 

8363 9188 10009 107981 

I4i 

419 

482 

540 

599 

654 

709 

759 

48i 

62 1 q 

7181 

8115 

9052 

9945 

10835 11691 

14} 

437 

502 

5^3 

625 

682 

739 

791 

48} 

62S5 

7260 

S205 9152 1005s 

I09SS 

11821 

15 

454 

522 

586 

650 

710 

770 

824 

50} 

6777 

7830 8850 

9872 

10847 

ii8i9'i2754 

15} 

472 

543 

609 

677 

739 

801 

858 

50} 

6849 

7913 8944 

9977 10963 1 1945 12890 

15} 

491 

564 

633 

704 

768 

833 

892 

52 i 

7363 

8508, 9617 10728 

11789 12846 13864 

I5i 

Sio 

586 

65 S 

731 

798 

866 

928 

52} 

7438 

9715 10838 

1 1^09 12977 14005 

16 

529 

609 

683 

759 

829 

899 

964 

54} 

7973 

9214 10415 

11620 12770 13915,15020 

16} 

549 

631 

709 

788 

860 

933 

1000 

54i 

8052 

9304 10518 

”734 

12895 14052,15167 

i6i 

569 

<^54 

735 

817 

892 

968 

1038 

56i 

8608 

9948: 1 1 246 12548 

13790 15028 16223 

16} 

589 

678 

761 

846 

925 

I 03 

1076 

S6i 

8689 1 004 1 

II 352 

12667 13921 15170 16376 

18 

697 

803 

902 

1003 

1097 

1 190 

1277 

58I 

9267 

10710 12109 13512 

14850 16184 17472 

18} 

720 

829 

932 

1036 

”33 

1230 

1320 

58} 

9352 

10807 12219 13635 

14985 16332 

17031 

18} 

743 

856 

962 

1070 

1170 

1270 


60} 

9950 

1 1501 13004 1451 1 

;IS949 17363118708 

18} 

767 

883 

992 

1104 

1207 

1311 

1407 

60} 

10038 

1 1601 

;i3iiS 14639 16089 I7536ji8932 

20} 

915 

1055 

1186 

1319 

1445 

I5<^ 

1686 

62} ^ 

Io6q8 

12319 13931 

15546' 17088118625 

j 20110] 

20} 

942 

1085 

1221 

1357 

1487 

1615 

1735 

62} ^ 

10749 

12424 14049, 15678'i7233 

1 8783! 20280 

22} 

”35 

1.309 

1473 

1639 

1796 

1952 

2099 

64} 

”391 

1 3 1 66 . 1 4 890 , 1 66 1 7 1 1 8 2 66 ^ 1 9909 2 1 49 8 1 

22} 

1165 

1342 

1511 

1682 

1843 

2003 

2153 

64} 

11485 

13274 15012 

16753 

T8416 20073 21675 

24} 

1379 

1591 

1792 

1995 

2187 

2377 

2558 

66 } 

12148 

I4042;i588i 17724 19483 ;2 1 237122934 

24} 

1412 

1628 

>834 

2042 

2239 

2434 

2618 

66 } 

1224s 

14153 

' 160071 1 7864I I9638(2I4o6;23I 16 

26} 

1648 

1901 

2143 

2386 

2617 

2846 

3063 

68 } 

12929 

14945 

1 16904* i8866!20739, 22^8,24415 

26} 

1684 

1942 

2189 

2438 

2674 

2908 

309 

68 } 

13029 

15060 17034 1901 1 

,20899 22782:24603 

28} 

1941 

2240 

2526 

2813 

3086 

3357 

3615 

70} 

13734 

15877 17958 20044' 2 203 5 12402 1 

25943 

28} 

1980 

2284 

2576 

2869 

3148 

3424 

3687 

70} 

13837 

15996:18093 20194 22200 24201 

26137 

30} 

2259 

2607 

2941 

3276 

3595 

3912 

4214 

72} 

14564 

168371 1904s 21258:23371 j25478 

27518 

30} 

2301 

2655 

2995 

3337 

3661 

3984 

4291 

72} 

14670 

169591 19183 |2i4”]23540i25663 

27717 

Moment of Inertia of Net Area 

s= Tabular Value X Net Area -J- 

Gross Area (approx.). 
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TABLE 34. — Continued, 

Moments of Inertia of Four Angles with Unequal Legs, Axis X-X. 
Short Legs Turned Out. 


Moments of Inertia 
of Four Angles, 
Axis X-X, 

Short Legs Turned Out. 


ir 


¥ 

X 4 


JL 


For Distances 
Measured 
from 

Back to Back. 


Size. 




6' 

* X Short Legs Turned Out. 




Thick. 

r 

js " 


fa ' 



r 

ir _ 1 


ir 

1" 

Area 4 [s 

14.44 

16.72 

xg 00 

21.24 

33-44 

25.60 

27.76 

00 

00 

31.92 

34.00 

s'". 00 

d'^ 

Moments of Inertia About Axis X-X for Various Distances Hack to Back of Angles. In.^. | 


n 

322 

370 

414 

4-59 

502 

541 

581 

619 

655 

691 

722 

Hi 


442 

508 

571 

633 

693 

748 

805 

858 

91* 

962 

1007 

143 


461 

530 

595 

6^ 

723 

781 

840 

897 

95 * 

1005 

1052 

i6i 


606 

697 

78s 

871 

955 

1033 

1112 

1188 

1262 

*335 

1400 

i6i 


629 

723 

814 

904 

991 

1072 

** 5 S 

1235 

*3** 

1386 

*454 

I8i 


791 

920 

1037 

1152 

1264 

1369 

1476 

1578 

1677 

1776 

1864 

iSj 


825 

950 

1071 

1190 

1306 

1415 

1525 

1632 

*734 

*836 

1928 

20i 


1021 

1177 

1327 

1476 

1620 

1756 

1895 

2028 

2156 

2285 

2401 

20^ 


1051 

1211 

1366 

151 

1668 

1808 

1951 

2089 

2221 

2353 

2473 

22i 


1272 

1466 

1655 

1842 

2023 

2195 

2369 

2537 

2699 

2862 

3010 

22i 


139s 

1 50s 

1699 

1890 

2077 

2253 

2432 

2606 

2772 

2939 

3091 

Hi 

1552 

1790 

2021 

2250 

2473 

2685 

2899 

3107 

3306 

3507 

3691 

Hi 

1589 

1832 

2070 

2304 

2533 

2749 

2969 

3183 

3387 

3592 

3781 

261 

i860 

2146 

2425 

2701 

2970 

3226 

3485 

3736 

3977 

4220 

4443 

26J 

1901 

2193 

2479 

2760 

3035 

3297 

3562 

3819 

4066' 

43*4 

4543 

28i 

2198 

2536 

2868 

3195 

3513 

3818 

4126 

4424 

47 ** 

5001 

5268 

28^ 

2242 

2587 

2925 

3259 

3585 

3893 

4210 

4516 

4808 

5*03 

5376 

3 oi 

2564 

2960 

3348 

3730 

4104 

4461 

4822 

5*73 

55*0 

5850 

6165 

3 oi 

2612 

3015 

3410 

3800 

41S1 

4545 

4913 

5272 

5614 

5961 

6282 

32 i 

2959 

3417 

3866 

4309 

4741 

$'$(> 

5574 

5981 

6372 

6767 

7*34 

32 i 

3011 

3476 

3933 

4384 

4824 

5246 

5672 

6087 

6484 

6886 

7260 

34 l 

3383 

3907 

4422 

4930 

5425 

5901 

6382 

6849 

7298 

7752 

8174 

34 i 

3439 

3971 

4494 

5010 

55 H 

59<;8 

6486 

6963 

7418 

7880 

8310 

3^1 

3836 

4431 

5016 

5593 

6156 

6698 

7 H 5 

7777 

8288 

8805 

9287 

36J 

389s 

4499 

5093 

5679 

6251 

6801 

7356 

7898 

8416 

8941 

943 * 

38 i 


4318 

4988 

5648 

6299 

6934 

7546 

8163 

8764 

934 * 

9926 

10472 

38 i 


4381 

5060 

5730 

6390 

7035 

7656 

8282 

8893 

9478 

10071 

10625 

4 oi 


4829 

5579 

6318 

7047 

7759 

8446 

9137 

9812 

*0459 

*1**5 

1 1729 

40] 


489s 

5655 

6405 

7143 

7866 

8562 

9263 

9948 

10603 

11268 

11891 

4^1 

5369 

6203 

7026 

7838 

8631 

9396 

10167 

10919 

11640 

12372 

13058 

42J 

5438 

6283 

7118 

7940 

8743 

95»9 

10300 

11062 

**793 

*2534 

13229 

44 i 

5937 

6861 

7773 

8671 

9550 

10398 

11252 

12085 

12885 

13697 

14458 

44 i 

6010 

6945 

7868 

8778 

9^8 

10527 

11392 

12237 

13046 

13867 

14638 

46J 

6535 

7552 

8557 

9547 

105 1 5 

II45I 

12393 

133*2 

* 4*94 

15090 

* 593 * 

46I 

6611 

7640 

8657 

9659 

10639 

I 1586 

*2539 

* 347 * 

H 3<'3 

15269 

16120 

48 i 

7161 

8276 

9379 

10465 

11527 

*2555 

13589 

14598 

15567 

16551 

*7476 

48J 

7241 

8369 

9484 

10583 

11657 

12697 

*3742 

14764 

15744 

16738 

*7674 

50 ^ 


7816 

9034 

10239 

11426 

12587 

13710 

14841 

*5944 

17004 

18080 

*9093 

50 ? 


7900 

9131 

10349 

1 1 549 

12722 

13858 

15001 

16118 

17189 

18275 

*9300 

St : 


8500 

9826 

11137 

12429 

13693 

14917 

16148 

*7350 

18505 

19677 

20781 

SM 


8588 

9927 

I1252 

I 2 SS 7 

13834 

15071 

16315 

* 753 * 

18697 

19881 

20997 


Moment 6f Inertia of Net Area Tabular Value X Net Area -f- Gross Area (approx.) 
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TABLE 34. — Continued, 

Moments of Inertia of Four Angles with Unequal Legs, Axis X~X. 
Short Legs Turned Out. 



Moments of Inertia 
of Four Angles, 

Axis X-X. 

Short Legs Turned Out. 


T 
2 

JL 

■■■'T 

X 

• 

1 

• 

i. 

For Distance) 
Measured 
from 

Back to Back 


Size. 

5// ^ Short Legs Turned Out. | 

Thick. 

r 

/a" 


A" 

V ' 

n " i" 

ii" 

i" 


Area 4[s 

M -44 

16.72 

19.00 

ai.24 

2344 

25.00 27.76 

29.88 

31-92 1 

34.00 36.00 



Moments of Inertia 

About Ax 

is X-X for Various Distances Back to Back of Ang 

les, In.^. 

S 4 i" 

9213 

10650 

12073 

13475 1 

14846 

16175 17511 

18816 ! 

20069 i 

21342 22542 

S 4 J 

9304 

10756 

12193 

13608 

14993 

16335 17685 

19004 

20269 ! 

21554 22767 

S6i 

9955 

11509 

13047 

14563 

16046 

17484 18929 

20341 

21697 

2307s 24375 

56 i 

10049 

11618 

13172 

14701 

16199 

17651 19110 

20537 

21906 j 

23296 24609 

S8i 

1072s 

12400 

14059 

15693 

17292 

18844 20403 

21926 

23389 ! 

24876 26280 

S8i 

10824 

12514 

14189 

15837 

17452 

19016 20591 

22130 

23606 1 

25105 26523 

6oi 

11525 

13325 

15110 

i68<^ 

18586 

20255 21952 

23571 

25145 

26744 28256 


11627 

13443 

15244 

17016 

18751 

20434 22127 

23782 

25370 

26983 28509 

62 i 

I 23 S 3 

14284 

16198 

18082 

19927 

21718 23517 

25276 

26965 

28681 30305 

62i 

1 2459 

14406 

16336 

18237 

20097 

21903 23719 

25494 

27197 

28928 30566 

641 

13211 

15276 

17324 

19340 

21314 

23231 25157 

27040 

28849 , 

30686 32426 

64J 

13320 

15402 

17467 

19500 

21491 

23423 25366 

272^ 

29089 ] 

30942 32^6 

66i 

14097 

16301 

18488 

20641 

22748 

24796 26853 

28C65 

30796 ' 

32759 34619 

66i 

14210 

16432 

18636 

20806 

22931 

24994 27069 

29098 

31045 

33023 34898 

681 

15012 

17360 

19690 

21984 

24229 

26412 28604 

30748 

32807 

34900 36883 

681 

15128 

17495 

19843 

22154 

24418 

26617 28827 

30989 

33064 

35173 37172 

7 oi 

15956 

18453 

20930 

23369 

25758 

28080 30411 1 

32692 

34882 

37109 39220 

7 oi 

16076 

18591 

21088 

23545 

25952 

28291 30641 j 

32940 

35147 

37390 39517 

72I 

16929 

19578 

22208 

24797 

27332 

29798 32274 

34696 

37021 

39386 41629 

lA 

17052 

19721 

22371 

24978 

27533 

30016 32510 

34951 

37294 

39676 41935 

74 i 

18058 

20885 

23692 

26454 

29160 

31792 34435 

37022 

39505 

42029 44425 

76! 

19092 

22082 

25051 

27972 

30835 

33619 36416 

39152 

41780 

44451 46987 

781 

20155 

23312 

26447 

29533 

32556 

35498 38452 

41343 

44118 

46940 49620 

80J 

21247 

24576 

27882 

31136 

34325 

37427 40543 

43593 

46520 

49498 52326 

82J 

22368 

25873 

29355 

32782 

36140 

39408 42690 

45()02 

48986 

52123 55104 

84 i 

23517 

27203 

30866 

34470 

38002 

41440 44892 

48272 

51516 

54817 ! 57954 

86J 

24696 

28567 

3241s 

36201 

39911 

43524 47150 

50701 

S 41 IO 

i 57578 : 6087s 

ssl 

25903 

29965 

34002 

37974 

41867 

45658 49464 

53190 

56768 

: 60408 ! 63869 

1 1 

90I 

27140 

31396 

35627 

39789 

43869 

47844 51833 

55739 

59489 

' 63305 1 66935 

92 i 

28405 

32860 

37290 

41647 

45919 

50081 54258 

58347 

62275 

1 66271 1 70073 

94 i 

29699 

34358 

38990 

43548 

48015 

52369 56738 

61016 

65124 

69304 1 73282 


31022 

35889 

40729 

45491 

50159 

54708 59273 

1 63744 

68037 

72406 1 76564 

gSi 

32374 

37454 

42506 

47476 

52349 

57099 61864 

66531 

71014 

75575 1 79918 

looj 

33755 

39052 

44321 

49504 

54586 

59541 64511 

69379 

74054 

78812 ' 83344 

102} 

35164 

40683 

46174 

51575 

56870 

62034 67213 

72286 

77159 

82118 86841 

104J 

36603 

42348 

4806s 

53688 

59201 

64578 6^71 

75253 

80327 

85491 9041 1 

106^ 

38070 

44047 

49994 

55843 

61579 

67173 72784 

78280 

83560 

88933 94053 

losi 

39566 

45779 

51961 

58041 

64003 

69820 75653 

81367 

86856 

92442 97767 

IIO| 

41092 

47544 

53966 

60282 

66475 

72517 78577 

84513 

90216 

96020 101553 

112} 

42646 

49343 

56008 

62564 

68993 

75267 81557 

87719 

93639 

99665 105410 

Moment of Inertia of Net Area » Tabular Value X Net Area 

-i“ Gross 

Area (approx.). | 
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TABLE 34 . — Continued. 

Moments of Inertia of Four Angles with Unequal Legs, Axis X~X. 
Short Legs Turned Out. 







ir 

-y 






Moments of Inertia 




For Distances 



of Four Angl 

es. 

JC X d 


Measured 




\XIS A-A 






irom 




Short Lees Turned Out. 



• 


Back to Back. 







JL.. 

1 

1 

1 





Size. 




S " ) 

< 6", Short 

Legs Turned Out. 




Thick. 

/b" 

*" 1 

1 

r 

ir 


Tfl 


18 " 1 1 

Area 4 [s 

23 * 72 

27.00 1 

30-24 i 

33-44 

36 60 

39 - 76 

42.88 

45-92 

49.00 1 

52.00 

d" 


.Mom«^nts of Inertia 

.Vbout Axib 

X-X for V 

arious Distances B.ack t 

0 Back of Angles, In. 4 . 


16J" 

955 

1079 

1197 

1314 

1429 

1541 

1645 

1750 

1854 

1954 

l8l 

1214 

1373 

1524 

1675 

1822 

1967 

2103 

2238 1 

2373 

2503 

i8i 

1254 

1418 

1575 

1731 

1883 

2033 

2174 

2314 , 

2454 

2588 

20 \ 

1554 

1759 

1955 

2150 

2341 

252Q 

2706 

2SS3 1 

3059 

3229 

20i 

1600 

1812 

2013 

2215 

241 I 

2605 

27S8 

2970 

3152 

3327 

22i 

1942 

2200 

2447 

2692 

2933 

3170 

3395 

3^19 i 

3842 

4058 

22J 

1994 

22 S 9 

2512 

2765 

3012 

3*56 

3488 

3717 1 

3947 

4169 

24 i 

2377 

2694 

2999 

3301 

3508 

3891 

4170 

4447 ' 

47*4 

4991 

24J 

2435 

2760 

3072 

3382 

3686 

3987 

4273 

4557 , 

4841 

5115 

26i 

2860 

3243 

3611 

3977 

4336 

4692 

5031 

53 6 1 

5703 

6029 

26i 

2924 

3315 

3692 

4066 

4433 

4797 

5144 

5488 ; 

5833 

6166 

28i 

3390 

384s 

4284 

4720 

5147 

5572 

5977 

6378 

6781 

7170 

28J 

3460 

3924 

4372 

4818 

5254 

5687 

6101 

6511 

6923 

7320 

30 i 

3968 

4501 

5017 

5530 

6032 

6531 

7009 

74S2 i 

7956 

8416 

3 oi 

4043 

4587 

5113 

563s 

6148 

6656 

7144 

7626 

8110 

8579 

32 i 

4593 

5212 

5811 

6406 

6990 

7570 

8127 

8677 ' 

9230 

9765 

32 i 

4674 

5304 

5914 

6520 

7115 

7705 

8273 

8833 

9396 

9941 

34 i 

5*65 

5976 

6665 

7349 

8021 

8688 

9331 

9964 

10602 

11218 

34 i 

5353 

6075 

6776 

7472 

8155 

8834 

9487 

1013 I 

10780 

11407 

36 i 

5985 

6794 

7580 

8360 

9125 

9886 

10620 

II343 

1 207 1 

12776 

36 i 

6078 

6900 

7698 

8491 

9268 1 

10042 

10787 

II522 

12262 

12978 

38 i 

6752 

7667 

8555 

9437 

10303 

11164 

11995 

12814 

13639 

14437 

384 

1 6852 

7780 

8681 

9576 

10455 

11329 

12173 

13004 

13841 

14652 

4 oi 

7567 

8593 

9591 

10581 

11553 

12521 

13456 

14576 

15304 

16203 

4 oi 

7672 

8713 

9725 

10728 

11715 

12696 

13645 

14578 

15519 

16431 

42 i 

8429 

9573 

10687 

11791 

12877 

13957 

15003 

16031 

17068 

18072 

42J 

8540 

9700 

10828 

11948 

13048 

14143 

15202 

16244 

17295 

18313 

44 i 

9339 

10608 

11844 

130^ 

14274 

15473 

16635 

17777 

18929 

20045 

44J 

9456 

10741 

II993 

13234 

14454 

1 5668 

16845 

18002 

19169 

20299 


10296 

11696 

13061 

14414 

15744 

17069 

18354 

19615 

20889 

22123 

464 

10419 

11836 

13217 

14587 

15933 

17274 

18574 

19852 

21 140 

22390 

484 

11301 

12839 

14339 

15825 

17288 

18744 

20158 

21545 

22946 

24304 

484 

1 1430 

12985 

14502 

16007 

17486 

18959 

20389 

21793 

23210 

24584 

Soi 

12353 

14035 

15677 

17304 

18904 

20499 

22047 

*3567 

25102 

26590 

So 4 

12487 

14188 

15848 

17493 

1911 1 

20734 

22290 

23827 

25378 

26883 

5*4 

13452 

15285 

17075 

18849 

20504 

22333 

24023 

25681 

27355 

28979 

5*4 

135.3 

15445 

17254 

19047 

20810 

22568 

24277 

25952 

27644 

29285 

5 +: 

I 4 S 99 

16590 

18534 

20461 

22357 

24246 

26084 

27887 

29707 

31472 

544 

14746 

16757 

18721 

20667 

**583 

24491 

26349 

28169 

30007 

31791 

56: 

«5793 

17948 

20054 

22140 

*4193 

26240 

28231 

30184 

32156 

34070 

561 r 

15946 

18122 

2O24B 

22355 

24428 

26494 

28506 

30478 

32469 

34402 

Moment of Inertia of Net Area “ Tabular Value X Net Area -f- Gross Area (approx.). 
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TABLE 34. — Continued, 

Moments of Inertia of Four Angles with Unequal Legs, Axis X~X. 
Short Legs Turned Out. 


Moments of Inertia 
of Four Angles, 
Axis X-X, 

Short Legs Turned Out. 


ir 

< , 

JL 


For Distances 
Measured 
from 

Back to Back. 


8'' X 6". Short Legs Out. 


Thick. 

le ' k '' 

id " 

V ' 

ir 

i" 

ir 

i" j 

H " j 

l " 

Area 4 [s 

23.72 2/.00 

30.24 

33-44 

36.60 

39-76 

42.88 

45-92 ' 

49.00 1 

52.00 

d" 

Moments of Inertia About Axis 

X-X for Various Distances Back to Back of Angles, In .4 


58 i'' 

17035 19360 

21634 

23886 

26103 

28312 

30464 

32573 

34704 

36771 

58J 

I7I94 I954I 

21836 

24109 

26347 

28577 

30750 

32878 

35029 

37116 

60} 

18324 20827 

23274 

25699 

28085 

30465 

32782 

35054 

37349 

39577 

60^ 

18489 2IOI4 

23484 

25930 

28338 

30739 

33079 

35371 

37687 

39935 

62 1 

19661 22347 

24975 

27578 

3OI4I 

32696 

35187 

37627 

40093 

42486 

62 i 

igSii 22 t; 4 i 

25192 

27818 

30403 

32981 

35494 

37955 

40442 

42857 

''Hi 

21045 23922 

26737 

29525 

32270 

35007 

37677 

40292 

42934 

45499 

ca 

21221 24122 

26961 

29773 

32541 

35302 

37995 

40631 

43296 

45883 

66 i 

22476 25550 

28559 

31538 

34472 

37398 

40252 

43048 

45874 

48617 

66 J 

2:659 2S7S7 

28791 

31795 

34753 

37703 

40581 

43400 

46248 

49014 

6Sl 

2395; 27232 

30441 

33619 

36748 

39869 

42914 

45897 

48911 

51838 

6Hi 

24143 27446 

30681 

33884 

37037 

40183 

43254 

46259 

49298 

52248 

70 1 

25482 28969 

323S4 

33766 

39096 

42418 

45661 

48837 

52047 

35164 

70 \ 

25676 1 29190 

32631 

36039 

39395 

42743 

46012 

49211 

52446 

35587 

74 

27056 1 30759 

34388 

37980 

41518 

45048 

48494 

51869 

55280 

58593 

72.1 

27256 1 30987 

34642 

38261 

41826 

45382 

48856 

52255 

53691 

59029 

745 

28883 i 32838 

36714 

40551 

44330 

48101 

51785 

55390 

59035 

62575 

76) 

30557 34743 

38846 

42907 

46<)o8 

50899 

54800 

5S617 

62477 

66226 

78} 

32279 36702 

41038 

45330 

49558 

53777 

57901 

61937 

66017 

69980 

80 J 

34049 38715 

43291 

47820 

52282 

56734 

61088 

65347 

69654 

73839 

82^ 

35866 40782 

45604 

50377 

55079 

59771 

64361 

68850 

73390 

77801 

Hi 

37730 42903 

47978 

53000 

57949 

62887 

67719 

72445 

77224 

81867 

86i 

39642 45078 

50412 

55691 

60893 

66083 

71163 

76131 

81156 

86038 

88i 

41601 47308 

52907 

58449 

63909 

69359 

74693 

79910 

85183 

90312 

9 oi 

43608 49591 

55463 

61273 

66999 

72714 

78309 

83780 

89313 

94691 

92 i 

45662 51928 

58078 

64164 

70162 

76148 

82010 

87742 

93539 

99173 

94 i 

47764 54319 

60755 

67122 

73398 

79662 

85797 

91796 

97863 

103759 

96 i 

49913 56764 

63491 

70147 

76707 

83256 

89670 

93941 

102284 

108450 

98^ 

52109 59263 

66288 

73239 

80090 

86929 

93629 

100179 

106804 

113244 

looj 

54353 61816 

69146 

76398 

83546 

90681 

97674 

104508 

I 14422 

118143 

I02J 

56645 64423 

72064 

79623 

87075 

94513 

101804 

108929 

116138 

123145 

io[i 

58983 67085 

75043 

82916 

90677 

98425 

106020 

1 13442 

120951 

128251 

io6i 

61370 69800 

78082 

86275 

94352 

102416 

1103 21 

1 1 8047 

125863 

133462 

108J 

63803 72569 

81182 

89702 

98101 

106487 

I 14709 

122744 

130873 

138776 

iioj 

66284 75392 

84342 

93195 

101923 

110637 

119182 

127532 

135981 

144195 

112^ 

68813 78269 

87562 

96755 

105818 

114867 

123741 

132113 

141186 

149717 

II4J 

71389 81200 

90843 

100382 

109786 

119176 

128386 

137385 

146490 

155343 

II6J 

74012 84185 

94185 

104075 

113827 

123564 

133116 

142449 

151892 

161074 

Ii8i 

76683 87224 

97587 

107836 

117942 

128033 

137993 

147605 

157392 

166908 

120} 

79402 90318 

101049 

111664 

122129 

132580 

142835 

132853 

162990 

172847 


Moment of Inertia of Net Area « Tabular Value X Net Area - 4 - Gross Area (approx.). 
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TABLE 35 . 

Moments of Inertia of Four Angles with Equal Legs, Axis Y-Y. 


Moments of Inertia 
of Fovir Angles, 
Axis Y-Y, 
Equal Legs. 


For Distances 
Measured 
from 

Back to Back. 


5? II S 


Distance Back to Back in Inches. 


A I I I 


■S 8 rf 5 8 
S o’ti 
•-a a 

cn< 


Distance Back to Back in Inches. 


MA IM 


2X2xA 2.84 
“ i 376 
“ A 4-60 

“ I 5-44 
3X3ii 5.76 
“ A 712 
“ I 8.44 I 

“ A 972 j 

“ i ii.oo' 

“ A 12.24 

“ f 13.44; 


2.1 2.5 2.6 2.8 3.1 3.4 3.7 2jx2jxi 4.76 5.3 

2.7 3-3 3-5 3.7 4.‘ 4-5 4-9 “ A 5.88 6.6 

3-4 4-2 44 4.6 S-i 5-6 6.i “ f 6.92 7.9 

4.2 5.1 5.3 5.5 6.2 6.7 7.3 “ A| 8.00 9.3 

9.0 10.3 10.7 ii.o 11.8 12.6 13.5 3ix3ixi! 6.76 14.2 

11. 4 13. 1 113.5 *40 150 16.0 17. 1 “ 8.36 18.0 

13.7 15.7116.3 16.8 18.0 19.2 20.6 “ li 9.92 21.8 

16.0 18.4 19.0 19.7 21.0 22.5 24.0 “ A'li.48 25.4 

18.4 21. 1 21.9 22.6 24,2 25.9 27.6 “ i 13.CX) 129.2 

20.8 123. s 24.7 25.6 27.4 29.2 31.2 “ A 1448 132.8 

23.3 I26.5 27.5 28.5 30.5 32.5 35.1 “ 1 ( 15 - 92 : 36.5 


6.2 6.5 
7.8 8.1 

9-3 9-7 

11.0 U.5 

16.1 16.6 

20.2 20.8 

24.3 25.0 
28.6 29.5 

32.8 33.7 

37.0 38.1 
41.2 42.5 


11.9 12.9 

17.1 18. 1 
21.4 22.7 

25.7 27.2 
30.3 32.1 

34.7 36.8 

39.2 41.6 

43.7 46.3 


7.9 8.5 

9.9 10.7 
11.9 12.8 

14.0 15. 1 
19.2 20.3 

24.0 25.4 
28.8 30.5 

34.0 36.0 

39.0 41.3 
44.1 46.7 

49.1 52.0 


Distance Back to Back of Angles in Inches. 


4X4xi 7.76 

“ A 9-60 
“ * 11.44 
“ A iJ H 
“ i 15.00 
“ A «6.7i 
“ i 18.44 

5x5x1 14.44 

A I6.7i 

“ I 19.00 

“ A ii.24 

“ t 23.44 

“ H 25.60 
“ I 27.76 
6x6x} 17.44 
“ A 20.24 
“ I 23.00 
“ A 25.72 
“ I 28.44 
" H 311 * 
“ 1 33.76 
“ i 38.92 
“ I 44 00 
8x8x} 31.00 

“ A 34.72 

“ I 38.44 


ij 66.92 


I 25.0 25 . 6 ; 26.3 I 26 . 9 ! 27.4 

31.3 32.1 1 32 . 9 ! 33 . 7 i 34-5 

' 37.6 j 38.6: 39-5 40.5; 41.6 

i 43-9 i 45.1 46.2 47.4 48.6 

' 50.3 ! 31 . 6 ! 52.9 54-3 55-7 

’ 57.1 58 . 6 ; 60.1 ; 61 . 6 | 63.2 

63.7 I 63.3 j 67.01 68.7 I 70.5 

70.9' 72.3! 73.r! 75.3 76.8; 

82.7, 84.4, 86.1; 87.91 89.7 

! 94.71 96.7 98.6 ,100.6 1 102.7 
; 107.4 '109.6 'll 1.9 |i 14.2 1 1 16.5 
1 19.5 ; 1 22.0 1 124.5 127.0:129.61 
) 131.6 134.4 137. 1 140.0 142.81 
) 143.9:146.9^150.0 153.0:156.2 
119.8 '121.8 123.9 125.9 J28. 1 

139.8 142 . 2 : 144.6 147 . 0 1 149.5 

159.8 , 162.5 !i^.3 168.1 i?i.o 

180.9 '184.0 '187.1 190.3 '193.51 
' 201.2 I 2 O 4.6 ' 208.1 21 1.7 ' 215.3 j 
; 22 I .6 1225 . 4 ‘ 229.2 233.2 237.1 I 

243.3 1247.5 ! 25'.7 256 . 0 : 260.41 

1 284 . 61289 . 5 1294.4 299 . 51304.8 

1326.3 ' 332 . 0 : 337.7 343 . 5 1349.5 

369 . 8 1374 . 4 1 379 .1 383 . 81388.7 
415 . 9 ' 421.2 1426.5 431.8 I 437.3 

462.4 1468.2 ' 474.1 480.1 1486.2 
508.8 1515.3 ^ 521.8 528.4 535.1 
557 - 6 : 564 . 7 1571-9 579-2 5 « 6.5 

651.1 1659.4 667.9 676.4 685.1 

• 748-4 '758.0 1767.8 777.7 787.7 

• 843-4 1854-3 1865.4 876.6 887.9 


983.1 1008.3 


Radii of Gyration about Axis Y-Y, same as given in table of Radii of Gyration of Two Angles. 
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TABLE 36. 

Moments of Inertia of Four Angles with Unequal Legs, Axis Y-Y. 

Long Legs Out. 


Moments of Inertia 
of Four Angles. 
Axis Y-Y, 

Long Legs Turned Out. 


For Distances 
Measured 
from 

Back to Back. 


Distance Back to Back in Inches. 


Distance Back to Back in Inches. 


2 }x 2 Xx®^ 

“ i 
“ A 
“ i 
“ A 

3 lx 2 ix\ 


3.24 3.9 

4.24 5.2 

5.24 6.6 
6.20 7.9 
7-12 9-3 

5.76 14.3 ' 
7.12 18. 1 
8 . 44121.4 

9.72125.1 
Il.CXD 28.6 

6.76 21.3 
8.36I26.8 

9 . 92 j 32 .i 

11.48 37.5 

13 . 0043.2 
14.48148.6 
15 . 92 , 54.0 


4.6 4.8 
6.2 6.4 

7.7 8.1 

9-3 9-7 

10.9 1 1.3 

16.0 16.4 

20.2 1 20.7 

24.2124.9 

28.2 29.0 

32.3 33-2 
23.7 24.3 

29.6 30.3 

354 3^-3 

41.4 424 

47.7 48.9 

53-7 55*1 

59.9 61.3 


5 x 3 JxA 1024 



_l H I I I In-" O I A I 

5.0 5.4 s-sj 6.2 3x2§xi 5.24 9.0 10.3 10.6 II.O 
6.7 7.2* 7.81 8.4 “ A 6.48 II. 2 12.9 13.3 13.8 

8.4 9.1 9.8|io.s “ I 7.68 13.8 15.7 16.2 16.8 

lo.i 10.9 11.712.6 “ 8.88 16.0 18.4 19.0 19.6 

1 1.8 12.7 13.7,14.7 “ ^ 10.00 18.3 21.0 21.7 22.4 

16.9 I7.9;i 8. 9*19.9 3ix3x} 6.24 14.4 16.1 16.6 17.0 

j2i.3 22.5 23.8 25.1 “ A| 772 18.0 20.2 20.7 21.3 

25.6 27.028.5 30.1 “ I I 9.20 21.6 24.3 25.0 25.7 

29.8 31. 5*33-3 35-1 “ A110.60 25.2 28.3! 29.1 30.0 

34.1136.1.38.140.2 “ i |i2.ooi 29.2 32.7! 33.7 34.6 

24.8 126. 1 27.4 28.8 5 x 3 xA 9-^1 52.3 5^-3: 574 S^-S 

31.0 '32.6 34.2 35.9 “ I ,11-44; 62.71 67.6^ 68.9 70.2 

37.2 39.i;4i.o 43.0 “ A , 13-24 73-2 79 - 3 , 80.8 82.4 

43-5 145-747-950.3 “ i 'jLvOo| 84.0I 90.5, 92.3 94.1 

50.1 52.7,55-3 58-0 i6,i6.72j 94-0101.8^103.8105.81 

56.4:59.3:62.265.3 “ I |i8.44|i05.3’ii3.8 ii6.i 118.3 1 

62.7 165.9,69.072.6 “ H, 20.12,115.9 125.21127.7730.2,1 

Distance Back to Back of Angles in Inches. 


12.5 13-3 

15.7 16.7 

19. 1 20.3 
22.4 23.8 

25.6 27.2 
19.0 20.1 
23.9 25.2 

28.8 30.4 

33-5 354 

38.8 41.0 

1 63.2 65.6 
. 75-8 78.7 
> 89.0 92.4 
1 101.6 105.5 
» 114.2 118.7 
' 127.8132. 7 

140.61146.1 


52.3 56.5 
62.7 67.8 
73-1 79.1 


59.9 61. 1 

71-9 73.3 

83.9 85.5 


63.5 65.9 ! 

76.2 79.2 , 

88.9 92.4 

02.2 106.2 
15. 1 119.6 
27.8 132.9 


A 14.12 73.1 79-1 80.7 82.2 83.9 85.5 1 87.2 88.9 92-4 

i 16.00 84.0! 90.9 92.7 94.6 96.4 1 98.3 100.2 1 102. 2 106.2 

A 17.88 94.6102.4 104.4 '106.5 108.6! 110.7 ^*2.9 1115.1 119.6 

f 19.68 105.0 113.7 115.9 1118.2 |i20.6|i23.0 125.41127.8 132.9 

[i 21.48 II5.6II25.I 127.6 I30.I 132.71135.3 138.01140.7 146.2 

i 23.24 126.8,137.4 140.1 142.9 145.8 148.7 151.6 154.6 160.6 

:i 14.44 108.2*115.5 117.3 II9.2 'l21.2 *123.1 125.1*127.1 131.3 

A 16.72 i26.i'i 34.5 136.7 '139.0 |i 4 i. 2 ji 43-5 H 5-8 148.2 153.0 

i 19.00 144.8 154.6 157.1 159-7 162.3 '164.9 167.6 170.3 175.9 

A 21.24 162.9 173.9 176.7 179-6 ,182.6 '185.5 188.5 191-6 197.9 

1 23.44 180.9' 193. 1 196.3 I99-S 202.8 206.1 209.5 j2i2.9 219.9 

i 25.60 200.1*213.7 '217.2 220.8:224.4 228.1 231.8 235.6 243.3 

: 27.76218.1233.01236.9240.8 244.7 248.8:252.8 256.9 265.4 

i 31.92 254.2 271.8:276.3 280.91285.5 |290.2;295.0 '299.8 309.6 

i 36.00 292.8 312.6 317.81323.1 328.4 , 333-8 i 339-3 , 344-9 356-2 


8x6xA 23.72 299.2 
“ i ’ 27.00 342.0 
“ A 30-24 386.2 
“ 33.44 428.8 

“ H 36.60 471.2 
39-76 514.0 
“ 45.92 602.0 

“ i 52.00 | 688 . 0 j 


... 321.9 325-8 329 - 8 ' 333-9 337.9 346.2 
... 367.9 1372.4 , 377.0 ; 38 i .6 386.2 395 . 7 ! 
... 415.5 1420.6 425.7 143 1 . o 436.3 447.0 
... 461 . 5 : 467.2 473.0 478.8 : 484.7 496.7 

- 507-5 513-8 520.2 526.6 533-1 546.3 

... 553.8 560.7 567.6 574 - 7 , 581.8 596-2 
... 648.6 656.7 664 . 91673.1 681.5 698.5 
... 741-8 751-1 760.5 , 769.9 . 779-5 799-0 


405.4 415.3 
458.0 469.2 


Radii of Gyration about Axis F-F, same as given in tabic of Radii of Gyration of Two Angles. 
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TABLE 37. 

Moments of Inertia of Four Angles with Unequal Legs, Axis Y~Y. 

Short Legs Out. 


Momenu of Inertia 
of Four Angles. 
Axis Y-Y. 

Short Legs Turned Out. 


^ 

ir ■ 


V bo S o ^ 
.2 fi c 


Distance Back to Back in Inches. 


C -* u 8 

vis S o tM) 


For Distances 
Measured 
from 

Back to Back. 


Distance Back to Back in Inches. 


2ix2XiV 3H 2.0 

“ K +•*+ 

A S -24 3-4 

“ I 6.20 4-1 

“ A 7-»2 4-8 

3i«W 5-76 S * 
“ A Mi 6.6 
“ i 8.44 8.0 
“ A 9 - 7 i 9-4 
“ i 1 1. 00 10.8 

4x3xi 6.76 91 
A 8.36 1 1.4 
“ f 992 *3-7 
“ A 11-48 16. 1 
“ I 13.00 18.6 
“ A I44S 2I-I 

** t 15.92 23.6 


2.5 2,6 2.7 

3- 4 3 5 37 

4- 3 45 47 

5- 2 5-4 57 

6.1 6.4 6.7 

6.2 6.5 6.8 
7.9 8.3 8.6 

9.6 lo.o 10.4 

11. 2 1 1.7 12.2 I 
12.9 13.5 114.1 ' 

I I 

10.5 10.9 1 1 1.3 

13. 1 13.6:14.1 
15.8 16.4 17.0; 

18.5 19.2 1 19.9 ! 

21.5 22.3 i23.i 
24.4 ‘25.3 126.2 ; 

27.2 28.2 I29.3 j 



3.7 3x2jxj 5.24 


9.1 “ j 10.00 1 10.8 

8.7 3§x3xi 6.24 9.0 
ii.o “ A 772,11.4 

13.4 ‘‘ i 9.20 13.8 

*5-7 “ 1^10.60,16.0 

|i 8.2 “ i 12.00 ji8.6 

13.8 5x3xA 9.60 '11.3 
,17.4 “ I ;ii.44 13.6 

J0.9 “ iV 13.24 16.1 

24.6 ** ] ,15.00 18.5 

28.6 “ 16.72 21.0 

32.4 “ I '18.44 23.8 

36.2 “ H 20.12 26.4 


6.2 6.5 

7.8, 8.1 

9-5 ! 9.9 

II. 2 11.7 
^12.9,13.4 

10.4 10.7 

13. 1 13.5 

15.8 16.3 

18.4 19.1 
,21.4 22.2 

I 

13.2 13.7 
;i6.o 16.6 
!i9.o 19.7 

21.8 22.6 
24.7 25.7 

28.0 29.1 

31. 1 32.3 


6.7 7.3 7-9 

8.5 ! 9.2 lO.O 
10 . 3 : 11.2 12.2 

12 . 2 1 13.2 14.4 

14 . 0 1 15.2 16.5 

11. 1 11.9 12.7 
14.0 15.0 16.0 
16.9 ;i 8 .i 1 19.4 
19.8 21.2 22.7 

23 . 0124.6 26.4 

14.2 '15.3 16.5 

17.2 18.5 19.9 
20.4 22.0 j 23.7 
23-5 25.3 ! 27-3 
26.7 28.7 > 30.9 

30.2 32 . 6 , 35.1 

33.6 36 . 2 ; 39.0 


Size of 
Angles. 

Area, 

Four 

Angles. 


In. 

In.« 

0 

‘ 

A 

1 

S» 3 bA 

10.24 

18.I 

20.4 

21.0 

21.7 

i 

12.20 

21.7 

24.6 

25-3 

26.1 

“ A « 4 -Ii 

25.5 

28.8 

29.7 

30.6 

“ i 

16.00 

29.4 

33-3 

34.4 

35.5 

“ A 17-88 

33-3 

377 

38-9 

40.1 

“ i 

19.68 

37.1 

42.1 I 

‘ 43-4 

44-8 

!! t* 

21.48 

41.0 

46.6, 

48.0 

49.6 

“ 1 

23.24 

45-4 

51.6 

53.3 

55-0 


Distance Back to Back of Angles in Inches. 


23.7 24.5 
28.6 29.5 


44.0 45.4 
49.2 50.7 


6x41} 14.44 

“ A 16.72 

“ J 19.00 
“ A 21.24 
“ # 23.44 
“ H 25.60 
“ I 27.76 
" i 31.92 
“ I 36.00 


67.1 75.0 
78.9 1 88.5 j 

92.1 ii 03 . 4 : 


xA 23.72 126.9 
J 27.00 145. 1 
' \ 30.24 164.2 
i 33.44 182.6 
i 36.60 201.0 
39.76 219.6 
i 4S-9i iSS-S 

I 52.00 296.7 


140.6 143.0 
160.9 163.7 

182.3 1185.5 
1 202.8 1206.4 
223.5 227.4 

1244.3 248.7 
,287.8 293.0 
■330.7 !336.7 


145.5 i 150-7 

166.6 169.5 172.5 

188.8 192.1 195.5 
2IO.I 213.8 217.6 
231S 235*6 239.8 
iS3-i *57-7 * 62.3 
298.3 303.7 309.1 

342.8 ‘349.0 355-4 


Radii of Gyration about Axis Y-Y, tame at given in Table of Radii of Gyration of Two Anglet. 






TABLE 38. 

Radii of Gyration of Two Angles with Equal Legs, Both Axes. 


ir 


Radii of Gyration 
of Two Angles, 
Equal Legs. 



60 Si- ^ 

G 5 

2 ^ 

In, In.* 

2X2xA *42 
“ i 1.88 
“ A 2 - 30 , 

“ i 272; 

3x3x} 2.88 

“ A 3-56; 
“ i 4-22! 
“ A 4-86 j 
“ i S-SO ' 

“ A 6.12 1 

“ i 6.72 

8 9 ,5 

4^ 'Si u.^ 

.2 c <|r« c 

< 


>< Axis Y-Y. 

^ Distance Back to Back in Inches. 

.2 

< o : 1 1 A 1 1 I i I t I * 


For Distances 
Measured from 
Back to Back. 


Distance Back to Back in Inches. 

° I 1 1 A I t I i I J I t 


•84 -93 - 95 ! 
.85 .94 .96: 
.86, .95 .98,1 
.88 .97 .99^1 
.25 1.34 1.36 I 
.26 i. 36 'i .38 I 
■ 27 I- 37 !i -39 I 

. 28 , 1.38 1.40 I 
.291.39 I. 4 I I 
. 30 , 1.40 1.42 I 
. 32 : 1 . 411.43 I 


.99 I.O 4 T.O 9 I 

.99 i.04|i.O() 1 
.00 1.05 1. 10 1 
.01 1.07! 1.1 1 1 
.381.4311.48 I 
.40 1.451. 50 I 
.41 1.46 1. 51 I 
.42 1.47 1.52 I 
.43 1.48,1.53 1 
.451.50 1.54 1 
.46 i.5i'i.55 1 


.14 2ix2jxj 2.38 

.141 “ A , 2-94 

••51 :: ti 3-46 

•l6j 4.00 

•53 32 * 3 iJ '4 3-38 
•55 “ A 4-18 

.56 “ J 4.96 

•57 “ A 5-74 

.58. i 6.50 


.77 1-05 I 

.76 1.06 1 
75 1-07 I 
•75 1.08 1 
1.09 1.45 1 
1.08 1.47 1 
1.07 1.48 1 
1 .07 1 .49 1 
1.06 1.50 1 
1.05 1. 51 I 
1.04 1.52 1 


14 1.17 I 

15 1. 17 I 

16 1.18 1 
17^1.20 1 

54 1-57 1 

56 1.58 1 

57 1-59 I 
58,1.60 I 
59 i-6i I 
bo 1.62 1 
61 1.63 1 


19 1.2411. 
20,1.254. 
21 1.26'i. 
22[l.27jl. 
59 |i -63 I 
6o,i.65;i 
61 1.66 1 
,62 1.67!! 
63 '1. 67 4 
,64 1.69!! 
,6611.70 1 


29 1.34 

30 I- 3 S 
31 1-36 
32 1.37 
67 1-73 
69 1.74 

7011.7s 

72,1.77 

73 1.78 
75 1.80 

76I1.81 


4 X 4 xi 3-88 

“ A 4*80 

“ i 572 

“ A 

i 7.50 

“ A 8.36 
“ I 9.22 
5 .x 5 x| 7-22 

A 8.36 
“ i 9.50 
“ A I0'62 
“ i 11.72 
“ -}-J 12.80 
“ I 13.88 
6x6xJ 8.72 

“ A »0 J2 
“ i 11.50 

** Aj*2.86 

“ i 14.22 



Axis Y-Y. 

Distance Back to Back of Angles in Inches. 


“ } 16.88 i 1.83 2.5s 

“ I 19.46! 1.81 2 .S 7 

“ I 22.00 1.80 2.59 

8 x 8 xJ 15.50 2.51 3.32 

“ A I7.3^> 2.50 3.33 
« I 19.22 2.49 3-34 
“ fj 21.06 2.48 3.35 

“ r 22.88 2.47 3.36 
“ i 26.46 2.45 3.38 

“ I 30.00 2.44 3.40 
** ij 3 3.46 2.42 3.42 

Moments of Inertia 
Inertia of Four Angles, ' 



IB 

1 

1^8 

5 

1.77 

1.79 

1.82 

6 

1.78 

1.80 

1.83 

7 

1.79 

r. 8 i 

1.84 

8 ; 1.80 

1.82 

1.85 

9 

1.81 

1 . 8 J 

1.86 

0 

1.82 

1 . 8 ? 

1.87 

I 1.83 

1 . 86 ^ 

1.88 

7 2.19 

2.22 

2.24 

8 2.20 

2,22 

2.25 

9 2.21 

2.23 

2.26 

0 

2.22 

2.25 

2.27 

I 1 2.23 

2.26 

2.28 


2.24 

2.27 

2.29 

3 1 2.25 

2.28 

2.30 


2.62 

2.64 

1 

1 2.63 

2.65 

! 

1 2.64 

1 2.66 

.. i 

1 2.65 

! 2.67 



j 2,66 

1 2.68 



1 2.67 

1 2.69 



1 2.68 

2.71 



! 2.70 

2.73 



j 2.72 

2.75 



! 3-44 

3..17 



; 3.46 
3-47 

3.48 



3-49 



1 3.48 

3.50 



3-49 

3.51 



3.51 

3-53 



3-53 

3.55 



3.55 

3.57 




about Axis 
Fable 35. 


! 3.44 3,47 3.49 3.52 3.54 3.58 3.63 3.67 3.72 3.77 

: 3.46 3.48 3.50 3.53 3.55 3.59 3.64 3.68 3-73 378 ! 

I 3.47 3.49 3.51 3-53 3.56 3.60 3.64 3 69 3.74 378 

3.48 3.50 3.52 3.54 3.57 3.61 3-^5 3.70 375 379 

13.49 3.51 3.53 3.56 3-58 3-^2 3.67 3.72 3.76 3.81 

3.51 3-53 3.55 3.57 3.60 3.64 3.69 3-74 3.78 3.83 

3-53 3.55 3-57 3-^ 3-62 3.67 3.71 3.76 3.81 3.86 

3. 55 3.57 3.<^ 3.62 ’ 3.64 3.^ 374 379 3.83 3-88 

Y-Y equal one-half of values given in Table of Moments of 
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TABLE 39. 

Radii of Gyration of Two Angles with Unequal Legs, Both Axes. 
Long Legs Out. 


r 



Radii of Gyration 
of Two Angles. 

Long Legs Turned Out. 



OX 



For Distances 
Measured from 
Back to Back. 




- ll 

iT" 

Y 






Size of 
Angles. 

ssi 

>< 


Axis Y-Y. 


Size of 
Angles. 

sg-E 



Axis Y-Y. 



<H = 

X 

JS 

Distance Back to Back in 

Inches. 


X 

JJ 

Distance Back to Back in Inches. 

In. 

In.* 

X 

< 


1 1 A 1 1 1 i 

1 1 i 

In. 

In.* 

M 

< 

0 

i 1 A 

' I ‘ 

I 

! 

2JX2XA 

X.62 

.60 

I.Io’l.I9'l.22 1.24 1.29 

i. 34 'i .38 

3X2§xl 

2.62 

75 

I.3I 

1.40 1.42 

i. 4 s'i .50 

1-55 

1-59 

“ i 

2.12 

•59 

I. II 

I.20|I.2t 1.2t; 1.30 

1.36 1.40 

“ A 

3-24 

•74 

1.32 

1.41 1.43 

1 .46 i.«;i 

1.56 1.60 

“ ft 

2.62 

.58 

1. 12 

1. 21 1.24 1.26 1. 31 

1.37 1.42 

“ * 

3 84 

•74 

1-33 

1.43 1.45 

1.48 I.S 3 

1.58 1.62 


3.10 

.58 

I.I3'l.22 1.25 1.28 1.32 

1.3811.44 

“ A 

4.44 

•73 

1.34 1.44 1.46 

1.49 1.54 

1.59 1.64 

“ A 

3.56 

•57 

i.I4|i.24|i.26 1.29 1.33 

1.39 1.46 

“ i 

5.00 

.72 j 

i- 3 S|i- 4 S^i -47 

i- 50 ii -55 
1 .65 1.70 

1.60 1.65 

3jx2jxi 

2.88 

•74 

1.58 1.67 1.69' 1. 7 1 1.76 

i.8i'i.86 

3 ix 3 xi 

3.12 

•91 

1.52 1.61 1.63 

1-75 1-79 


3.56 

•73 

1.60 

i.68ji.70 1 . 73:177 

i.82!i.88 

“ A 

3.86 

.90 

1.52 1.61 1.64 

1 .66ji.7i 

1.76 

1. 81 

“ i 

4.22 

.72 

1.61 

1.69 1.72 1.74 1.79 

1.84*1.89 

“ i 

4.60 

.90 

i.q3 1.62 i.6j; 

1.67 1.72 

1.77 

1.82 

“ A 

4.86 

.71 

1.61 

1.70 1.73 1.75 1.80 

1.85 1.90 

A 

S.30 

.89 

1.54 1.63 1.66 

1 .68 1.73 

1.78 

1.83 

“ i 

S-SO 

.70 

1.62 

1. 7 1 1.74 1.76 1.81 1.86 1. 91 

“ i 

6.00 

.88 

1-55 

1.65 1.68 1.70 1.7s 

1.80 

1.8s 


3-38 

.89 

1-77 

1.87 1.89 1.92 1.96 

2.or2.o6 

5 x 3 xA 

4.80 

.85 

2.33 

2.42 2.45 2.47,2.52 2.57 

2.62 

“ A 

4.18 

.89 

1.79 

1.88 1.90 1.93 1.97 2.02 2.07 

“ i 

572 

.84 

2-34 

2.43 2.462.48 2.S3;2.58 

2.63 

I 

4.96 

.88 

1.80 

1.89' 1. 91 1.94 1.98 2.03*2.08 

“ A 

6.62 

.84 

2-35 

2.45 2.472.49 2.54 2.59 

2.64 

“ A 

S -74 

.87 

I1.81 

1.90 1.92 1.95 1.99 2.04*2.09 

“ i 

7.50 

.83 

2.36 

2.46 2.48 2.50 2.i;t; 2.60 

2.65 


6.50 

.86 

I.82I1.92 1.94 1.96 2.01 2.o6;2.II 

“ A 

8.36 

.82 

2.37 

2.47 2.49 2.52 2.57 2.61 2.66 


7.24 

.86 

I.83I1.93 1.95 1.97 2.02 2.07 2. 12 

“ 5 

s 

9.22 

.82 

2.39 2.48 2.51 2.53 2.58 2.63 2.68 

u 1 

7.96 

.85 

1.84 1.94 1.96 1.98 2.03 2.08I2.I4 

« JJl 

1 b 

ip.o6 

.81 

2.40 2.49 2.52 2.54 2.59 2.6412.69 


Size of 
Angles. 

-si 

X 

X 

.2 

< 

AxisY-Y. 




Distance Back to Back of Angles 

in Inches. 




In. 

In.*‘ 

0 

i 

A 1 1 

A 


A 

1 

1 

1 

1 1 *1 

li 

)X 3 ixA 


1.03 

2.26 

2-35 

2.37 

2.39 

2.42 

2.44 

2.47 

2.49 

2.54 





1 

6.10 

1.02 

2.27 

2.36 

2.38 

2.40 

2.43 

2.45 

2.4S 

2.50 

2.55 






7.06 

1. 01 

2.28 

2.37 

2-39 

2.41 

2.44 

2.46 

2.49 

2.52 

2.56 





!! i 

8.00 

1. 01 

2.29 

2.38 

2.41 

2.43 

2.45 

2.48 

2.50 

2-53 

2.58 




........ 


8.94 

1. 00 

2.30 

2.39 

2.42 

2.44 

2.46 

2.49 

2.51 

2.54 

2.59 





“ I 

9.84 

•99 

2.31 

2.40 

2.43 

2.45 

2.48 

2.50 

2.52 

2-55 

2.60 





1! i* 

10.74 

.98 

2.32 

2.41 

2.44 

2.46 

2.49 

2.51 

2.53 

2.56 

2.61 






11.62 

.98 

2-33 

2-43 

2.46 

2.48 

2.51 

2-53 

2-55 

2.58 

2.63 

— 


— 


6x4x1 

7.22 

1. 17 

2.74 

2.83 

2.85 

2.87 

2.90 

2.92 

2.94 

2.97 

3.01 





r. ^ 

8.36 

1. 16 

2-75 ■ 

2.84 

2.86 

2.88 

2.91 

2.93 

2.95 

2.98 

3.02 





“ i 

9.50 

1. 15 

2.76 

2.85 

2.88 

2.90 

2.92 

2-95 

2.97 

2.99 

3.04 






10.62 

1. 14 

2.77 

2.86 

2.88 

2.91 

2.93 

2.96 

2.98 

3-00 

3-05 





i 

11.72 

1. 13 

2.78 

2.87 

2.89 

2.92 

2.94 

2.97 

2.99 

3.01 

3.06 






!! i* 

12.80 

1. 13 

2.79 

2.89 

2.91 

2.94 

2.96 

2.98 

3.01 

3-03 

3.08 





f 

13.88 

1. 12 

2.80 

2.90 

2.92 

2.95 

2.97 

2.99 

3.02 

3-04 

3^09 

, 




“ i 

15.96 

i.ii 

2.82 

2.92 

2.94 

2.97 

2.99 

3.01 

3-04 

3.06 

3. II 





“ I 

18.00 

1.09 

2.8s 

2.95 

2.97 

2.99 

3.02 

3.04 

3-07 

3-09 

3 -H 





8x6xA 

11.86 

1.80 

3-55 



3.68 

3-71 

3-73 

3-75 

3-77 

3.82 

3.87 ' 

391 

396 

4.01 

“ i 

13.50 

1.79 

3.56 



3.69 

3-71 

3-74 

3-76 

3.78 

3.83 

3.88 

3-92 

3-97 

4.02 

u P 

15.12 

1.78 

3-57 



3-71 

3-73 

3-75 

3-77 

3.80 

384 

3 89 

3-94 

3-99 

4-03 

“ I 

16.72 

1-77 

3.58 




3-71 

3-74 

376 

3.78 

3.81 

3.85 

3 90 

3-95 

4.00 

4.04 

u t* 

18.30 

1-77 

3-59 



3-72 

3-75 

377 

3-79 

3.82 

3.86 

391 

3-96 

4.01 

4.05 

1 

19.88 

1.76 

3.60 



3-73 

376 

378 

3 -80 

3.82 

3.87 

3.92 

3-97 

4.02 

4.06 

* 

22.96 

1.74 

3.62 



3.76 

378 

3-81 

3.83 

385 

3.90 

3-95 

3-99 

4.04 

4.09 

“ I 

26.00 

1-73 

3.64 



3.78 

3.80 

3.82 

3-85 

3.87 

3.92 

3-97 

4.02 

4.07 

4.12 


Moments of Inertia about Axis Y-Y equal one-half of values given in Table of Moments of 
Inertia of Four Angles, Table 36 . 
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TABLE 40. 

Radii of Gyration of Two Angles with Unequal Legs, Both Axes. 

Short Legs Out. 












TABLE 41 

Safe Loads of Single Angle Struts 
Equal Leg Angles 

American Bridge Company Standapj)s 


Safe loads in thousands of pounds for least 
radius of gyration 

p -« 16,000 — 70 l/r 


To left of heavy line values of l/r do not 
exceed 125 

To right of heavy line values of l/r do not 
exceed 150 


Size Thickness 


Inches Inches 


Length in Feet 


9 10 II 12 IJ 14 



!•) 13 

I) 16 

21 18 


26 23 21 18 15 

31 27 24 21 18 

35 32 28 24 21 

40 36 32 28 24 


63 


27 

24 

21 

31 

27 

24 

35 

31 

27 ! 

39 

35 

30 : 

39 

36 

33 

45 

42 

38 

51 

47 

43 

57 

53 

48 

63 

58 

53 


39 



Note: The values in this table have been calculated on the assumption that the angle is fas- 
tened by both legs. — M. S. K. 
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TABLE 42 

Safe Loads of Single Angle Struts 
Unequal Leg Angles 
American Bridge Company Standards 


Safe loads in thousands of pounds for least 
radius of gyration 

p — 16,000 — 70 1/r 


To left of heavy line values of 1 /r do not 
exceed 125 

To right of heavy line values of 1 /r do not 
exceed 150 


Size 

Thickness 

Inches 

Inches 

2 Xii 

A 

25 x 2 

A 


i 


A 

3 X 2 

i 


A 

3 X 2 J 

1 


A 


i 

3JX2i 

1 


A 


i 

3iX3 

A 

1 


V 

4 X 3 

A 


i 


A 


i 

S X3i 

A 


i 


A 


i 

6 X 4 

i 


A 


A 


i 


28 ! 24 


Length in Feet 


17 i H 
20 ; 16 

22 I 18 


44 


Note: The values in this table have been calculated on the assumption that the angle is fas- 
tened by both legs. — M. S. K. 




TABLE 43 

Safe Loads of Two Angle Struts, Axis i-i 
Equal Leg, and Unequal Leg with Long Leg Turned Out 
American Bridge Company Standards 
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TABLE 43. — Continued 
Safe Loads of Two Angle Struts, Axis i-i 
Equal Leg, and Unequal Leg with Long Leg Turned Out 
American Bridge Company Standards 


Safe loads in thousands of pounds with 
respect to axis i-i 

p «■ 16,000 — 70 1/r 


To left of heavy line values of l/r do not 
exceed 125 

To riRht of heavy line values of l/r do not 
exceed 150 


Length in Feet 


In. In. In. Lb. In.* 6 


8 9 10 ” 12 13 14 16 18 20 22 24 26 28 30 32 34 36 


A 1.80 16.4 4.80 63 61 59 57 54 52 50 48 45 41 36 32 28 

i 1.81 19.6 5.72 76 73 70 68 65 62 60 57 54 49 44 38 33 . 

L 1.83 22.6| 6.62 88 85 81 78 75 72 69 66 63 57 51 45 39. 

\ 1.84 25.6 7.50 99 9^ 93 89 86 82 79 75 72 65 58 52 45 . 


5X3 A 2.47 16.4 4.80 67 65 64 62 61 59 57 56 54 51 47 44 

3 2.48 19.6 5.72 80 78 76 74 72 70 68 66 64 61 57 53 

J 2.49 22.6 6.62 93 90 88 86 84 81 79 77 75 71 66 61 

^^ 2.5025.6 7.50104102100 97 95 92 90 ^7 85 80 75 70 


5 2.40 17.4 5.12 71 69 68 66 64 62 60 59 

3 2.40 20.8 6.10 85 83 81 79 76 74 72 70 

A 2.41 24.0 7.06 98 96 93 91 89 86 84 81 

i 2.43 27.2 8.00 1 12 109 io<^) 103 100 98 95 92 

X 2.4430.4 8.94 125 122 1 19 115;! 12 109 105 103 

s 2.4533-^^ 9.84 137 134 131 127 124 120 117 114 

11 2.46 36.6 10.74 ISO 146,143 1391135 132.128 124 

I 2.48 39.6 11.62 162 15s 155 151 147 143 139 >35 


57 53 50 46 
68 64 59 S5 
79 74 64 

89 84 78 73 
100 94 88 81 
1 10 104 97 90 
I2i|i 14 106 99 
131 123 115 107 


41, 38 34 31 28 . 

49; 45 41 37 33 . 

57 52,j£ 44 39 • 

65 6c 55 50 45 . 

42 39 35! 32 28 . 

51 42 3S 34 ■ 

59 54 49' 44 40 . 

67 62 56 51 45 . 

75 69 63 57 51 . 

83 76 70 63 56 . 

91 84 77 70 62 . 

99 92 84 76 68 . 


5X5 I 2.2224.6 7.22 99 97 94 91 83 80 77 72 66 61 55 50 44. 

A 2.23 28.6 8.36 1 15 1 12 109 105 102 99 96 93 90 83 77 71 64 58 52, 

j 2.24 32.4 9.50131127124120116x12109106102 95 88 81 74 66 59 


6X3i if 2.95 23.4 6.84 98 961 94| 92 90 88 86 84 82 78 74 71 67 63 59 

A 2.96 27.0 7.94 1 14 1 1 1 109 107 1051102 100 98| 96 91 87 82 78 73 68 

? 2.98 30.6 9.00 129 126 124 12 1 119 116 114 1111108 103 98 93! 88 83 78 

I 3.00 37.8 11.10 159 156 153 150 146 143 140 137 134 128 122 1151109 103 97 

6X4 I 2.87 24.6 7.22 103 loi 99 97 94 92 90 88 86 82 78 73* 69 65 61 

A 2.88 28.6 8.36 119 117 114 112 109 107 105 102] 100 95 90 85, 80 75 70 

i 2.90 32.4 9.50 136 133 130 127 124 122 119 116 113 108 102 97 91 86 80 

A 2.91 36.2 10.62 152 149 145 142 139 136 133 130 127 121 1 15 109 102 96 90! 

I 2.92 p.o 11.72 167 164 161 157 154 151 147 144 140 134 127 120 113 107 100 

H 2.93 43.6 i2.82!i83 179 176 172 169 165 161 158 154 147 139 131 124 116 109 

i 2.94 47.2 13.88 198 195 191 187 183 179 175 171 167 159 151 143 135 127 119 

6X6 I 2.6229.8 8.72123120117114112109106103100 95 89 84 78 72 67 
tV 2.63 34.4 10.12 143 139 136 133 .130 126 123 120 117 110 104 97 91 84 78 

A 2. 64 39.2 ii.sO|162 159 155 151 148 144 140 136 133 126 118 111 103 96 8c 

2.65 43.8 12.86 181 177 173 1^ 165 161 157 153 149 141 132 124 116 108 100 

I 2.6648.4 14.22I201 196 192 187 183 178 174 169 165 156 147 138 129 120 HI 

H 2.67 53.0 15.56 220 215 210 205 200 195 190 186 181 171 161 151 141 132 122 

i 2.68 57.4 16.88 239 233 228 223 218 212 207 202 196 186 175 164 154 143 133 


56I 52I 

65 

61 

1 75 

69 

84 

78 

i 931 

86 

1021 

95 

|iii| 

103 


47 43 39 
55 5046 
635752 
78 72 66 

48 44 . . 

565146 

6458153 

72^S15‘ 
801736 
87 80^2 
95 8779 


61 56 50 
72 65 59 
82 74 67 
92 84 75 
102, 93 84 
1 12 102 92 
122 III 101 


54 


97 




TABLE 44 

Safe Loads of Two Angle Struts, Axis 2-2 
Equal Leg, and Unequal Leg with Long Leg Turned Out 
American Bridge Company Standards 


Safe loads in thousands of pounds with 
respect to axis 2-2 

p *» 16.000 — 70 1/r 


1 

1 


To left of heavy line values of 1/r do not 
exceed 125 

To right of heavy line values of 1/r do not 
exceed 150 


1 

-H" 

Section 

Modulus 

Radius of 
Gyration 

Weight of 
Two Angles 
per Foot 

Area of 
Two Angles 

Thickness 

Length in Feet 

St 


ri 

In* 

In. 

In. 

Lb. 

In.* 

In. 

3 

4 

s 

6 

7 

8 

9 

10 


12 

‘3 

14 








2// ^2'' Angles 









•38 

.62 

.98 

5-0 

1.44 

A 

17 

15 

13 

,, 

9 








•50 

.61 

.99 

6.4 

1. 88 

i 

22 

20 

17 

* 5 

12 















2i"X2" 

Angles 








.40 

.60 

1.24 

S.6 

1.62 

iV 

19 

17 

15 

12 

10 








.50 

•59 

1-25 

7-4 

2.12 

1 

4 

25 

22 

19 

i 6 

13 








.62 

.58 

I.26I 

9.0 

2.62 

A 

31 

27 

23 

*9 

1 S 

















Angles 








.80 

•77 

1. 19 

8.2 

2.38 

i 

30 

28 

25 

22 

20 


15 






.q6 

.76 

1.20 

lO.O 

2.94 


37 

34 

31 

28 

24 

[ 4 r 

18 













3 

'X2" 

Angles j 

.50 

•57 

1.52 

8.2 

2.38 

1 

4 

28 

24 

21 

17 

14 








.64 

•57 

J-53 

1 0.0 

2-94 

A 

34 

30 

25 

21 

17 








•74 

•56 

1-55 

II.S 

3.46 

f 

40 

35 

29 

24. 

19 






.... 









3' 

'XaJ" 

Angles 








.80 

•75 

1.45 

9.0 

2.62 

\ 

33 

30 

27 

24 

21 

18 

16 






.98 

•74 

1.46 

II. 2 

3-24 

A 

41 

37 

33 

30 

26 

22 

19 






1. 16 

•74 

1.48 

13.2 

3 84 

i 

48 

44 

40 

35 

31 

27 

22 













3' 

'X 3 " 

Angles 









1. 16 

•93 

1-39 

9.8 

2.88 

i 

38 

36 

33 

30 

28 

25 

22 

20 

17 




1.42 

.92 

1.40 

12.2 

3.56 

A 

47 

44 

4* 

37 

34 

3* 

28 

24 

21 




1.^ 

.91 

1.41 

14.4 

4.22 

i 

56 

52 

48 

44 

40 

36 

32 

29 

25 




1.90 

•91 

1.42 

16.6 

4.86 

A 

64 

60 

55 

50 

46 

42 

37 

33 

28 




2 14 

.90 

1.44 

18.8 

5-50 

i 

73 

67 

62 

57 

52 

47 

42 

37 

32 












'xsr 

Angles 








.82 

•74! 

1.71 

9.8 

2.88 

t 

36 

33 

30 

26 

23 

20 

17 






1. 00 

•73 

1.73 

12.2 

3.56 

A 

45 

41 

36 

32 

28 

24 

20 






1.18 

.72 

1.74 

14.4 

4.22 

i 

53 

48 


38 

33 

28 

23 






1.36 

•71 1 

1.76 

16.6 

4.86 

A 

61 

• 1 

55 

T J 

49 

43 

38 

32 






1.52 

.70 

1-77 

18.8 


i 

68 

62 

55 

48 

42 

35 















"X 3 " 

Angles 


1.44 

.90 

1.66 

13.2 

3.86 

A 

51 

47 

44 

40 

37 

33 

20 

29 

26 

22 




1.70 

.90 

1.67 

15.8 

4.60 

1 

61 

c6 

52 

48 

44 

39 

35 

31 

26 




1.96 

.89 

1.69 

18.2 

5.30 

A 

70 

65 

60 

55 

50 

45 

40 

35 

30 




2.20 

.88 

1.70 

20.4 

6.00 

i 

79 

73 

67 

62 

16 

50 

44 

39 

33 
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TABLE 44 . — Continued 
Safe Loads of Two Angle Struts, Axis 2-2 
Equal Leg, and Unequal Leg with Long Leg Turned Out 
American Bridge Company Standards 


Safe loads in thousands of pounds with re- 
spect to axis 2-2 

p * 16,000 — 70 1/r 


To left of heavy line values of 1 /r do not 
exceed 125 

To right of heavy line values of 1 /r do not 
exceed 150 


•2 ”3 Radius of H » 


Length in Feet 


In.J In. In. Lb. In.* In. 


1.96 1.08 j 1.60 14.4 4.18 
2.30 1.07; 1. 61 17.0! 4.96 


3 1 

4 1 

S ! 6 1 

7 1 

8 1 



Angles 

! 57 

54 

5« 47 

1 +4 

^‘1 

1 68 

64 

! 60 56 

1 52 

48 

78 

74 

I 691 65 

60 

56 

631 

1 89 

83 

! 78I 73 

1 68 


10 II 1 12 13 14 15 16 17 19 


4" X3" Angles 


1.48 

.89 

1-93 

> 4-4 

4.18 

A 

55 

51 

47 

43 

39 

1.74 

.88 

1.94 

.7.0 

4.96 

1 

65 

60 

56 

51 

46 

1.98 

.87 

1.95 

19.6 

574 

A 

75 

70 

64 

59 

53 

2.24 

1 .86 

II.96 

\ 22.2 

6.50 

i 

85 

79 

72 

66 

60 

2.46 ! 

1 .86 

|l 97 

24.8 

724 

A 

95 

! 88; 

81 

1 73 

66 

2.70 

1 .85 

|i -99 

I27.2 

1 7-96; 

_1_ 

1 104 

96 

88 

[8o_ 

72 


4'' X4" Angles 


2.s8 1.24 1.80 16.4 4.80 67 64 61 57 54 51 48 44 41 38 35 31 28 

3.04 1.23 1. 81 19.6 5.72 i 80 76 72 68 64 60 56 53 49 45 41 37 33 

3.50 1.23 1.83 22.6 6.62 92 88 83 79 74 7C 65 61 56 52 47 43 38 

3.94 122 1 . 84 25.6 7.50 ] 105 99 94 ^9 84 79 74 68 63 58 53 48 43 


S" X3" Angies 


1.50 .85 2.47 16.4 4.80 A 

1.78 .84 2.48 19.6 5.72 i 

2.04 .84 2.49 22.6 6.62 ^ 

2.30 .83 2.50 25.6 7.50 i 


2.04 1.03 2.40 17.4 5.12 A 

2.42 1.02 2.40 20.8 6.10 3 

2.78 i.oi 2.41 24.0 y.ofy ^ 

3.12 I.OI 2.43 27.2 8.00 i 

3.46 i.oo 2.44 30.4 8.94 -I’V 

3.80 .99 2.45 33.6 9.84 I 

4.12 .98 2.46 366 JO. 74 H 

4-44 .98 2.48 39.6 11.62 i 


48 

44 

57 

51 

66 

60 

74 

67 



S"X3§" Angles 

69 65 61 57 53 48 

83 78 73 68 62 57 

95 89 84 78 72 66 

108 loi 95 88 81 75 

121 113 105 98 90 83 

132 124 1 16 107 99 91 

r44 135 126 1 17 107 98 

156 146 136 126 116 106 

5 "X 5 " Angles 


44 40 36 32 
52 47 42 37 
60 54 48 43 
68 61 55 48 
75 68 60 53 
82 74 66 57 
89 80 71 61 
96 86 76 66 



4.84 1.56 2.22 24.6 7.22 J 104 100 96 92 88 84 81 77 73 69 65 61 57 53 49 46 42 

5.58 I 55 223 28.6 8.36 A >20 116 III 107 102 98I 93 88 84 79 75 70 66 61 57 52 48 

[6.30 1. 54 224 32.4 9.50 i 136 131 126 121 116 1111105100 95 90 85 79 74 69 64 59 54 



TABLE 44 . — Continued 
Safe Loads of Two Angle Struts, Axis 2-2 
Equal Leg, and Unequal Leg with Long Leg Turned Out 
American Bridge Company Standards 
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Section 

Modulus 


TABLE 45 

Safe Loads of Two Angle Struts 
Equal Leg, and Unequal Leg with Short Leg Turned Out 
American Bridge Company Standards 


Safe loads in thousands of pounds for least 
radius of gyration 

P — 16,000 — 70 1 /r 


To left of heavy line values of l/r do not 
exceed 125 

To right of heavy line values of l/r do not 
exceed 150 


Radius of 
Gyration 


Length in Feet 


In.» 

In. 1 

In. 1 

Lb. ! In .2 1 

In. 

3 1 

4 1 

5 1 6 1 7 1 

* 1 

0 1 10 1 II 1 12 1 13 14 







ir 

'Xii" Angles 



JU 

.78 

.46 

3.6 1.06 

\\ 

1 1 

0 

7 



•27 

•79 

•45 

4.8 1.38 

1 

\ 

14 

12 

9 





Xi|" Angles 

.36 

,67 

•63 

4.2 1.20 

1 

14 

13 

II 10 8 



•46 

.68 

.63 


1 

4 

19 

17 

12 10 










ii ' 

'XiT' Angles 



.28 

.88 

•54 

4.4 1.24 


14 

12 

10 8 


i 

.38 

.89 

.53 

5.6 1.62 

4 

18 

16 

n II 









2 

' X2" Angles 



•38 
• so 

.98 

.DO 

.62 

.61 

5 ° 1-44 
6.4 1. 88 

iV 

17 

22 

15 

20 

13 II 9 

17 I C I 



















"X2" Angles 



•38 

.92 

.79 

5.6 1.62 

7 1 2 1'’ 

A 

2 J 

19 

17 16 11 

12 

10 i.... ' 

.76 

91 

78 

i 

27 

25 

31 

23 20 18 
28 25 22 

16 

,, ! ; 

/ 

• V*!- 

•98 

•/“’ 

■78 

9.0 2.62 

4 

A 

33 

19 

17 i.... i 








"X2J" Angles 



.80 

1. 19 

•77 

8.2 2.38 

i 

30 

28 

25 22 20 

17 

15 

.06 

1 .20 


lo.o 2.94 
II. 8 3.46 

A 


71 

31 28 24 

2 1 

18 

1. 14 

1. 21 

. /KJ 

•75 

To 

1 

s 

j i 

44 

, 40 

36 32 28 

24 

.. 

— ^ — _ — „ 


3"X2" Angles 


1.08 .89 .9^ 8.2 2.38 

i 31 

29 

27 

25 22 

20 

18 

16 

13 


1 

. . 1 ... 

1.32 .90 .95 lO.O 2.94 

A 39 

36 

33 

31 28 

25 

2 2 

20 

17 



i.£;6 .91 .94 'll. 8 3.46 

il 4 ('> 

43 

39 

36 33 

30 

27 

23 

20 


. . i . . . 


3^X2 1 " Angles 


1. 12 

1. 13 

•95 

9.0 

2.62 

j 

35 

33 

30 

28 

26 

23 

21 

19 

16 

1.38 

1. 14 

.94 

II. 2 

3-24 

A 

43 

40 

37 

34 

32 

29 

26 

23 

20 

1.62 

1. 16 

•93 

13-2 

3.84 

i 

51 

1 4 ^ 

44 

41 

37 

34 

30 

27 

23 


3" X3" Angles 


1. 16 1.39 
1.42 1.40 
1.66 1.41 
1.90 1.42 
2.14 1.44 


•93 

9.8 

2.88 

i 

38 

36 

33 

30 

28 

25 

23 

20 

17 

.92 

12.2 

3-56 

A 

47 

44 

41 

37 

34 

31 

28 

24 

21 

.91 

14.4 

4.22 

i 

56 

52 

48 

44 

40 

36 

32 

29 

25 

.91 

16.6 

4.86 

A 

64 

60 

55 

51 

46 

42 

37 

33 

28 

.90 

18.8 

S-SO 


73 

67 

62 

57 

52 

47 

42 

37 

32 
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Section 

Modulus 


TABLE 45 . — Continued 

Safe Loads of Two Angle Struts 
Short Leg Turned Out 
American Bridge Company Standards 
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Nominal Size 


TABLE 46 

Properties and Elements of Z Bars 
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Nominal Size 



TABLE 47. 

Elements of Carnegie Equal Tees. 
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TABLE 48. 


Elements of Carnegie Unequal Tees. 
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TABLE 49. 

Elements of A. S. C. E. and Light Rails. 




Weight 

Area 

of 

Section. 

Dimensions. 


Axis 

i-i. 


Section 

Index. 

per 

Yard. 

a 

b 

c 

d 

e 

f 

K 

h 

I 

r 

S 

X 


Pounds. 

In.« 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In.* 

In. 

In.* 

In. 

iioA 

no 

10.80 

6i 

6i 

2 I 

lii 

3 a 

1 

a 

2 a 

55-2 

2.26 

17.2 

2.92 

looA 

100 

9.84 

Si 

Si 

2i 

I a 

3 A 

ii 

A 

2AV 

44.0 

2. II 

14.6 

2.73 

95A 

95 

9.28 

Svs 

5A 

2li 

•a 

2a 

ii 

9 

r6 

2t»A 

38.8 

2.05 

13.3 

2.65 

90A 

90 

8.83 

si 

5l 

2a 


2a 

a 

A 

2 AV 

34*4 

1.97 

12.2 

2.55 

8sA 

8s 

8.33 

sA 

5 A 

2A 

■a 

2i 

a 

A 

2a 

30.1 

1.90 

1 1. 1 

2.47 

80A 

80 

7.86 

5 

5 

2i 

li 

2i 

i 

a 

2A 

26.4 

1.83 

lO.I 

2.38 

7 SA 

75 

7-33 

4H 

4fi 


iH 

2a 

a 


2t’A 

22.9 

177 

9.1 

2.30 

70A 

70 

6.81 

4i 

4 i 

2A 

ili 

2,4 

ii 

il 

2A 

19.7 

1.70 

8.2 

2.22 

6sA 

65 

6.33 

4 iV 

4 A 

2H 

I A 

2i 

25 

J2 

i 

la 

16.9 

1.63 

7-4 

2.14 

60A 

60 

5-93 

4l 

4i 

2i 

I A 

2a 

a 

-a 

aa 

14.6 

1-57 

6.6 

2.05 

SSA 

55 

5.38 

4A 

4 iV 

2i 

.a 

2a 

ii 


a?i 

12.0 

1.50 

57 

1-97 

50A 

50 

4.87 

3 i 

3 i 

2i 

a 

2A 

a 

A 

la 

9-9 

1-43 

5.0 

1.88 

4 SA 

45 

4.40 

3 H 

3 H 

2 

lA 

■ H 

a 

?i 

6i 

la 

8.1 

1.36 

4-3 

1.78 

4OA 

40 

3-94 

3 i 

3 i 

li 

lA 

la 

1 

a 

*AV 

6.6 

1.29 

3.6 

1.68 

3 SA 

35 

3-44 

3* 

3A 

li 

a 

lii 

a 

a 

iM 

5-2 

1.23 

3.0 

1.60 

30A 

30 

300 

3 i 

3 i 

• H 

i 

iH 

a 

ii 

ili 

41 

1. 16 

2.5 

1.52 

25A 

25 

2.39 

2i 

2i 

li 

a 

I a 

ii 

a 

lAV 

2.5 

1.02 

1.8 

1-33 

2oA 

20 

2.00 

2i 

2i 

iH 

M 

iJi 

A 

i 

lii 

1.9 

0.99 

1.4 

1.27 

16A 

16 

1-55 

2i 

2i 

lii 

a 

lii 

i 

A 

•til 

1.2 

0.89 

I.O 

1. 15 

I4A 

14 

1.34 


2A 

lA 

i 

lA 

a 

i 

a 

0.76 

075 

073 

1.02 

I2A 

12 

1. 18 

2 

2 

I 

A 

lA 

a 

A 

a 

0.66 

0.75 

0.63 

0.96 

loA 

10 

0.96 

1 } 

li 

« 

a 

« 

a 

A 

a 

0.40 

0.65 

0.46 

0.87 

8A 

8 

0.77 

lA 

lA 

H 

a 

« 

A 

A 

a 

0.26 

0.58 

0.32 

0.7s 
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TABLE 50. 

Elements of Carnegie Bulb Beams. 



Depth 

of 

Beam. 


In, 


10 

10 

9 

9 

8 

8 

7 

7 

6 

6 


Wt. 

per 

Foot. 


Lb. 


36.6 

28.1 

30.1 

243 

24.2 
20.0 
23-3 

18.1 

17.2 

u.o 


Area 

of 

Sec- 

tion. 


In.* 


10.62 

8.12 

8.83 

7IS 

7.11 

5.86 

6.85 

5-32 

5.00 

411 


Width 

of 

Flange. 


In. 


5.500 

5-250 

5.125 
4938 
5.156 
5.000 
5 094 
4.875 

4-524 

4.375 


Thick- 

ness 

of 

Web. 


In. 


0.625 

0.375 

0.563 

0.375 

0.469 

0.313 

0.531 

0.313 

0.430 

0.281 


Axis I- 1. 


In.* 


140.4 

I18.6 

95.8 
84.0 

62.8 

55.6 

45-5 

38.8 

24-4 

21.6 


In. 


3.64 

3.82 

3-29 

3-43 

2.97 

3.08 

2.57 

2.70 

2.20 

2.28 


In.* 


25-3 

20.7 

19.4 

16.6 

14. 1 

12.2 

11.7 
9-7 
7.2 
6.1 


In. 


4-45 

4.28 

4.06 

3.95 

3-54 

3-43 

311 

2.98 

2.61 

2.46 


Axia a-2. 


I 

In.* 


7.6 
6.3 
5-4 
4-6 
4-5 

3- 9 

4- 3 

3.6 

2.7 


In. 


0.84 

0.88 

0.78 

0.80 

0.79 

0.82 

0.79 

0.82 

0-73 

0.72 


In.* 


2.8 
2.4 
.1 
-9 
7 
6 

7 
5 


In. 


2.75 

2.63 

2.56 

2.47 

2.58 

2.50 

2.55 

2.44 
2-26 
2. IQ 


TABLE 51. 

Elements of Carnegie Bulb Angles. 
2 


Depth 

of 

Beam. 

wt. 

per 

Foot. 

Area 

of 

Sec- 

tion. 

Width 

of 

Flange. 

Thick- 

ness 

of 

Web, 


Axis 

I-I. 



Axis 2-2. 


I 

r 

s 


I 

r 

S 

y 

111. 

Lb. 

In.* 

In. 

In. 

In.* 

In. 

In.* 

In. 

In.* 

In. 

In.* 

In. 

10 

32.0 

9,41 

3.500 

0.625 

1 16.0 

3-51 

21.6 

4.62 

6.2 

0.82 

2.3 

0.77 

10 

26.6 

7.80 

3-500 

0.484 

104.2 

3.66 

19.9 

4-75 

5-0 

o.So 

1.8 

0.72 

9 

21.8 

6,41 

3.500 

0.438 

693 

3-33 

14.5 

4.21 

4-3 

0.82 

1-5 

0.72 

8 

19.3 

5.66 

3.500 

0.406 

48.8 

2-95 

II.7 

3.83 

3-7 

0.81 

1-3 

0.71 

7 

20.0 

S.81 

3.000 

0.500 

36.6 

2.51 

lO.O 

3-34 

2.9 

0.71 

1-3 

0.70 

7 

18.3 

5-37 

3.000 

0.438 

34-9 

2.56 

9.6 

3-36 

2.6 

0.69 

i.i 

0.68 

7 

16.I 

4-71 

3.000 

0 H 4 

32.2 

2.61 

8.7 

3-30 

2.7 

0.76 

1.2 

0.72 

6 

17.3 

5.06 

3.000 

0.500 

23.9 

2.16 

7-6 

2.84 

2-5 

0.70 

I.I 

0.71 

6 

15.0 

4-38 

3.000 

0.406 

21. 1 

2.19 

6.7 

2.84 

2.3 

0.72 

I.O 

0.69 

6 

13.8 

4.04 

3.000 

0-375 

20.1 

2.21 

6.6 

2.96 

1-9 

0.69 

0.82 

0.65 

6 

12.4 

3.62 

3.000 

0.313 

18.6 

2.28 

5-7 

2.71 

1 1.8 

0.70 

0.75 

0.64 

5 

lO.O 

2.94 

2.500 

0.313 

10.2 

1.86 

4-1 

2.49 

0.9s 

0.57 

0.49 

0.57 

4 

U -3 

4.21 

3.500 

0.500 

8.7 

1.44 

3-7 

1.65 

3-9 

0.96 

i-S 

0.99 



II.Q 

^..48 

3. COO 

0.375 

L 2 . 

I. CO 

3 .C 

1.77 

1 hi— 

O.Q 4 

1. 2 

O.Q 4 
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TABLE 52. 


Elements of Carnegie H Beams. 



lOB 






TABLE S3. 

Carnegie Trough Plates. 



— a — — -a — *[• — a — or 

Elements of Trough Plates 



Single Section. 

Riveted Section. 

Section 

Index. 

Size, 

Inches. 

Weight 
per Foot. 
Pounds. 

a. 

Inches. 

d. 

Inches. 

Weight per 
Square Foot, 
Pounds. 

Section 
Modulus, One 
Foot Width, 
Inches*. 

M 14 

X 3J 

23.2 

8 

65 

00 

15.58 

M 13 

9J X 3J 

21.4 

8 

61 

32.1 

14.28 

M 12 

95 X 3J 

19.7 

8 

6i 

29.6 

13.00 

M II 

9l X 3J 

18.0 

8 

65 

27.0 

11.79 

M 10 

95 X 3’ 

16.3 

8 

6 

24.5 

10.69 


Allowable Uniform Load in Pounds per Square Foot. 


Span 

in 

Feet, 

Fiber Stress, 

16.000 Lbs. per Sq. In. 

Fiber Stress, 

■ 

12.000 Lbs. per S4. In. 

M 14 

M 13 

M 12 

M II 

M 10 

M 14 

M 13 

M 12 

M 11 

M 10 

s 

6647 

6093 

5547 

5030 

4561 

4986 

4570 

4160 

3773 

3421 

6 

4616 

4231 

3852 

3493 

3167 

3462 

3173 

2889 

2620 

2376 

7 

339 ^ 

3109 

2830 

2567 

2327 

2543 

2331 

2124 

1925 

1745 

8 

2597 

2380 

2167 

1965 

1782 

1948 

1785 

1625 

1474 

1336 

9 

20^2 

1880 

1712 

1553 

1408 

1539 

1410 

1284 

1164 

1058 

10 

1662 

1523 

1387 

1258 

1140 

1246 

1142 

1040 

943 

8SS 

1 1 

1373 

1259 

1146 

1039 

942 

1030 

944 

860 

780 

707 

12 

II.S 4 

1058 

963 

873 

792 

866 

7 Q 3 

722 

655 

594 

13 

983 

901 

821 

744 

675 

738 

676 

f^i 5 

558 

506 

14 

848 

777 

707 

642 

582 

636 

583 

531 

481 

436 

IS 

739 

677 

616 

559 

507 

554 

509 

462 

419 

381 

16 

649 

595 

542 

491 

445 

487 

446 

406 

368 

334 

17 

575 

527 

480 

435 

395 

431 

395 

360 

328 

296 

18 

513 

470 

428 

388 

352 

385 

353 

321 

291 

264 

19 

460 

422 

384 

349 

316 

345 

316 

288 

261 

237 

20 

415 

381 

m 

314 

285 

312 

286 

260 

236 

214 


The values given in above tables are the safe loads per square foot of floor surface and are 
based upon the average resistance of the riveted portion within distance a. 

The weight of the plates are included in the safe loads and must be deducted to obtain the 
net superimposed safe load. 

Safe loads for other fiber stresses than those given in table may be obtained from the values 
given by direct proportion of the fiber stresses. 

The weight per square foot does not include the weight of rivet heads or other details. 
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TABLE 54. 

Carnegie Corrugated Plates. 



Elements of Corrugated Plates. 


Single Section. 

Riveted Section. 

Section 

Index. 

Size, 

Inches. 

Weight per 
Foot, 
Pounds. 

a. 

Inches. 

d. 

Inches. 

Weight per 
Square Foot, 
Pounds. 

Section 
Modulus, 
One "Foot 
Width, 
Inches*. 

M 3 S 

I2A X 2j 

237 

12A 

2i . 

23.3 

4-39 

M34 

12 lV X 2 H 

20.8 

I2A 

2 H 

20.4 

00 

M 33 

12A X 2i 

1 17.8 

I2A 

2 i 

17.5 

00 

M32 

00 

X 

12.0 

00 

li 

16.5 

1.95 

M 31 

X 

00 

10. 1 

00 


00 

1-55 

M 30 

8J- X 

8.1 

81 

li 

II-S 

1. 10 

1 


Allowable Uniform Load in Pounds per Square Foot. 


Span 

Fiber Stress, 16,000 lb. per sq. in. 


Filx'r Stress, 12,000 lb. 

per sq. in. 

Feet. 

M 35 

M 34 

M 33 

M 32 

M 31 

M 30 

M 35 

M 34 

M 33 

M 32 

M 31 

M 30 

s 

.00 

1638 

1400 

00 

661 

469 

1405 

1229 

1050 

624 

496 

352 

6 

1301 

1138 

972 

578 

459 

326 

976 

853 

729 

433 

344 

244 

7 

956 

836 

714 

425 

337 

240 

717 

627 

53 ^' 

318 

253 

180 

8 

732 

640 

547 

325 

258 

183 

549 

480 

410 

244 

194 

138 

9 

S 78 

506 

432 

257 

204 

145 

434 

379 

324 

193 

153 

109 

10 

468 

410 

350 

208 

165 

117 

351 

307 

262 

156 

124 

88 

11 

387 

j 339 

289 

172 

137 

97 

290 

255 ! 

217 

129 

103 

73 

12 

32s 

j 284 

243 

144 

115 

82 

244 

213 ! 

182 

108 

86 

61 


277 

242 

207 

123 

98 

69 

208 

182 

155 

92 

73 

52 

14 

239 

209 

179 

106 

84 

60 

179 

^57 i 

134 

80 

63 

45 

IS 

208 

182 

156 

92 

74 

52 

156 

137 

117 

69 

51 

39 


The values given in above tables are the safe loads per square foot of floor surface and arc 
based upon the average resistance of the riveted portion within distance a. 

The weight of the plates are included in the safe loads and must be deducted to obtain the 
net superimposed safe load. 

Safe loads for other fiber stresses than those given in table may be obtained from the values 
given by direct proportion of the fiber stresses. 

The weight per square foot does not include the weight of splice bars, rivet heads or other details. 





1 Die Number. 


TABLE 55. 

Buckle Plates. 

AMERICAN BRIDGE COMPANY STANDARD. 
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Side 1, 
Ft.-In. I 


3-1 1 
4 - 6 
3-11 
3- 6 
3-* 9 
3“ I 
3- 9 
3- 8 
2 - 8 
3- 8 
2 - 2 
3- 8 
3- o 
2 - 9 
2 ~ 6 

2 - 9 
2 - 6 

3- 5 

3 - 6 
3 - 6 

3- 9 
3 - 2 
3- I 
3- o 
3- I 
2 - 6 

2 - O 
5- 6 

3- 6 

4- o 


Buckle. 

1 

Rise d. 

In. 

Radii of Buckle. 

Number 

of 

Buckles 
in One 
Plate. 

Side b, 
Ft.-In. 

Side 1. 
P't.-In. 

Side b, 
Ft.-ln. 

4- 6 

3 i 

6- 8J 

8 - 9 J 

I to 8 

3-II 

3 i 

8 - 9 i 

6- 8i 

I to 7 

3 - 6 

3 

7- 9 i 

6- 3 

I to 8 

3 -II 

3 

6- 3 

7- 9 l 

I to 9 

3 - 9 

3 

7 - li 

7 - *i 

I to 8 

3- 9 

3 

4 -«o| 

7 - li 

I to 10 

3 - I 

3 

7 - li 

4 -Joi 

I to 8 

3- 8 

2 

10- 2 

10- 2 

I to 8 

3- 8 

2 

5 - 5 

10- 2 

I to II 

2- 8 

2 

10- 2 

5 - 5 

I to 8 

3- 8 

2 

3 - 7 i 

lo- 2 

I to 14 

2- 2 

2 

10- 2 

3 - 7 i 

I to 8 

3 - 0 

2 

6-10 

6-10 

I to 10 

2- 9 

3 

3 -ioi 

3 -iol 

I to II 

2- 9 

2 i 

3-10J 

4 - 7l 

I to 12 

2- 6 

2 i 

4- 7 J 

3 -ioi 

I to II 

2- 6 

2 i 

3-10I 

3-ioi 

1 to 12 

3“ 6 

3 

5-"iV 

6- 3 

I to 9 

3- 5 

3 

^ 3 

S-iih 

I to 9 

3- 9 

3 

6- 3 

7- If 

I to 9 

3- 6 

3 

7- d 

6- 3 

I to 8 

3 - I 

3 

5- iB 

4-10I 

I to 9 

3- 2 

3 

4-10I 

5- i?i 

I to 10 

3- I 

3 

4- 7 i 

4 -ioi 

I to 10 

3- 0 

3 

4-I0I 

4- 7\ 

I to 10 

2- 0 

2i 

3-IOI 

2- 6^ 

I to 12 

2- 6 

2i 

2- 6A 

3-10I 

I to 15 

3- 6 

3 i 

13- «ii 

5- 4f, 

I to 5 

5- 6 

3 i 

5- 4l 

13- ill 

I to 9 

4- 0 

3 

8- ij 

8- ij 

I to 7 


Widths of Flanges and Fillets. 


h. la. 




V) C 
u o 




I) 

Jro 


Fillets ' Side Flanges 
li. ! bi, bi. 


VO 

II 

e 

3 

s 

ca 


II 

B 

p 

6 

'5 

is 


-cT 

^ C*- 

.HtN > 0:2 

VO ^ 

rt O 
3^0 
CT 4-^ 

C 

a> 

^ 

O 

V o ^ 

*- <-• <U 

fco O 

3 *-• 

Q CJ 


II 

B : 

3 

Gv 


jp 


’■o 

C ^ ou 
<« W c 
« 01 

X 72 ^3= 

S 5 o 

bc-rt :S 

si 2 

0> 


-C 


U u. 

72 o 

to o; 

^ -n _C ^ 
- 12 -5 C 
c* 3 n3 ~ 

"Ji's-S 

3 I ca 


Plates arc steel i", A", f" or thick. 

Plates of greater length than given in table may be made by splicing with bars, angles, or tees. 
All plates are made with buckles up, unless otherwise ordered. When buckles are turned down, 
a drain hole should be punched in the center of each buckle and should be shown on sketch. 
Buckles of different sizes should not be used as it increases the cost of the plate. 

Connection holes are generally for i"y or i” rivets or bolts. Different sized holes in same 
plate will increase the cost of the plate. % „ 

Spacing for holes lengthwise of plate should be in multiples of and should ^not exceed 12 . 
Odd spaces to be at end of plate and in even i". Minimum spacing crosswise 4I", usually 6". 
Die number must be shown on drawings. 

Sketches for Buckle Plates should indicate allowable overrun in length and width. 


Ill 




TABLE^ S6. 

Properties of CoLUMii Sections. 


Properties of 
Three I-Beam 
Section. 



Minimum 
I-Beam 
for Web. 


SJERIES I 
AJTO II. 


Series I. 


Flamge 

Beams. 

Web 

Beam. 

Total 

Area. 

Moments of Inertia and 
I^tadii of Gyration. 

Web 

Beam. 

Total 

Area. 

Moments of Inertia and 

Radii of Gyration. 

Depth. 

Weight. 

Depth. 

Weight. 

Axis A- A. 

Axis B-B. 

a 

5 

Weight. 

Axis .A-A. 

Axis B-B. 

Ia 

ta 

Ir 

tb 

Ia 

ta 

I n 

Tb 

In. 

Lb. 

In. 

Lb. 

In.= 

In.* 

In. 

In.* 

In. 

In. 

Lb. 

In.» 

In.* 

In. 

In.* 

In. 

10 

25 

8 

18 

20.07 

248 

3-51 

325 

4.02 

9 

21 

21.05 

249 

3-44 

418 

4-45 


25 

10 25 

22.1 I 

251 

3.37 

528 

4.89 

12 

3I-S 

24.00 

254 

3.25 

788 

5-73 


30 

8 18 

22.97 

272 

3.44 

387 

4.11 

9 

21 

23-95 

274 

3-38 

494 

4.54 

** 

30 

10' 

25 

25.01 

275 

3-32 

619 

4-97 

12 

31.5 

26.90 

278 

3-21 

915 

5«3 


35 


18 

25.91 

297 

3.38 

455 

4.19 

9 

21 

26.89 

298 

3-33 

576 

4-63 


35 

10* 

2=; 

27.95 

300 

3-27 

717 

5.06 

12 

31.5 

29.84 

302 

3.18 

1050 

593 

12 

315 

10 

25 

25.89 

439 

4.12 

635 

4-95 

12 

31-5 

27.78 

441 

3.98 

941 

5-82 


31*5 

15 

42 

3 1. 00 

446 

3-79 

1552 

7.07 

18 

55 

34.45 

453 

3.63 

2373 

8.30 


35 

10 

25 

27.95 

464 

4.07 

703 

S-oi 

12 

31 . 5 

29.84 

466 

3-95 

1032 

5-88 


35 

15 

^2 

33.06 

471 

3.78 

1688 

7»4 

18 

55 

36.51 

478 

3.62 

2565 

8.38 


40 

10 

25 

31.05 

545 

4.19 

797 

^.06 

12 

31S 

32-94 

547 

4.08 

1 162 

5.94 


40 

15 

42 

36.16 

552 

3-91 

1884 

7.22 

18 

55 

39.61 

559 

3-76 

284 I 

_ 8 - 4.7 

15 

42 

10 

25 

32.33 

890 

5-24 

828 

5.06 

I 2 

31.5 

34-22 

893 

5 -II 

1206 

5-94 


42 

15 

42 

37.44 

898 

4.89 

1953 

7.22 

18 

55 

40.89 

905 

4.70 

2939 

8.48 


45 

10 

25 

33.85 

919 

5.21 

876 

5.09 

12 

31-5 

3 . = 5-74 

921 

5.07 

1274 

5.97 

“ 

45 

15 

42 

38.96 

926 

4.87 

2054 

7.26 

18 

55 

42.41 

933 

4.69 

3082 

8-53 


50 

10 

25 

36.79 

974 

5.14 

974 

S-I4 

12 

31.5 

3 8.68 

976 

5.02 

1408 

6.04 


50 

IS 

42 

41.90 

981 

4.84 

2254 

7.33 

18 

55 

45-35 

988 

4.67 

3360 

8.61 


60 

10 

25 

42.71 

1225 

5.42 

1165 

5-22 

12 

31-5 

1 44 -<'>o 

1228 

5-24 

1668 

6.1 1 


60 

15 

42 

47.82 

1233 

5-07 

2641 

7.43 

18 

5 > 

; 51.27 

1219 

4-91 

3901 

8.72 

18 

55 

12 

31-5 

41.12 

1601 

6.24 

1496 

6.03 

15 

42 

44-34 

1 606 

6.02 

2388 

7-35 


55 

IS 

55 

47.79 

1612 

5.81 

3552 

8.62 

20 

65 

50.94 

1619 

5.64 

4546 

9-44 

** 

60 

12 

31-5 

44.56 

1693 

6.16 

1652 

6.a9 

15 

42 

47.78 

I69S 

5-96 , 

2622 

7.41 


60 

18 

55 

51.23 

1705 

5-77 

3879 

8.70 

20 

65 

54.38 

1712 

5.61 1 

4943 

9-53 

“ 

65 

12 

315 

47.50 

1773 

6,09 

1789 

6.12 

15 

42 

50.72 

1778 

5.92 

2827 

7.47 

** 

65 

18 

55 

54.17 

1784 

5-74 

4163 

8.77 

20 

65 

57-32 

1791 

5-59 

5288 

9.60 

** 

70 

12 

31*5 

50.44 

1852 

6.06 

1930 

6.19 

15 

42 

53.66 

1857 

5.88 

3035 

7.52 

** 

70 

18 

55 

57-11 

1864 

5:71 

4452 

8.84 

20 

65 

60.26 

1871 

5.57 

5639 

9.66 

20 

65 

IS 

42 

50.64 

2354 

6.82 

2790 

7.42 

18 

55 

54.09 

2360 

6.60 

4116 

8.72 

ft 

65 

20 

65 

57-24 

2367 

6.43 

5234 

9.56 

24 

80 

61.48 

2382 

6.23 

7870 

II. 31 

** 

70 

15 

42 

53*66 

2454 

6.76 

2997 

7.48 

18 

55 

5711 

2461 

6.56 

4406 

8.78 

if 

70 

20 

65 

60.26 

2468 

6.40 

5586 

9.63 

24 

80 

64.50 

2483 

6.21 

8363 

11-39 

** 

75 

IS 

42 

56.60 

2552 

6.71 

3203 

7.52 

18 

55 

60.05 

2559 

6.53 

4692 

8.84 


75 

20 

6S 

63.20 

2566 

^ 37 . 

5933 

9-69 

24 

80 

67.44 

2581 

6. 19 

8851 

1 1.46 

V 

80 

15 

42 

59 - » 2 

4190 

8.42 

3329 

7.50 

18 

55 

62.57 

4197 

8.18 

4872 

8.82 

80 

20 

65 

65.72 

4204 

8.00 

6155 

9.68 

24 

80 

69.96 

4219 

7.76 

9173 

11.45 

it 

85 

IS 

42 

62.48 

4352 

8.35 

3561 

7.55 

18 

55 

65-93 

4358 

8.13 

5194 

8.87 


85 

20 

65 

69.08 

4365 

7.95 

6548 

9.73 

24 

80 

73-32 

4380 

7.73 

9723 

II. 51 


90 

15 

42 

65.42 

4493 

8.29 

3767 

7.60 

18 

55 

68.87 

4499 

8.08 

5481 

8.92 

€4 

90 

20 

65 

72.02 

4506 

7.91 

68 3 

978 

24 

80 

76.26 

4521 

7.70 

10207 

11.56 

44 

100 

15 

42 

71.28 

4775 

8.18 

4187 

7.66 

18 

55 

74.73 

4782 

8.00 

6060 

9.01 


100 

20 

65 

77.88 

4789 

7.84 

7597 

9.88 

24 

80 

82.12 

4804 

7.65 

1 1 193 

1 1.66 


Heavier web beams, of same depth as those given in table, may be substituted by subtracting 
area and moments of inertia of given beam, respectively, from values given in table, and adding 
the corresponding propert ies of new beam. The radii of gyration must then be recalculated from 
the formula r ■« V/ yf . 


Note This table was calculated in 1914. Minimum I-beams have been used for 

webs for which all values are as given in Table 7 except weights." For minimum I-beams 
used for flanges, all properties given in this table except "weights" arc exact. For other than 
minimum flanges check total areas"; other values are correct within four tenths of one per cent. 





TABLE 57. 

Properties of Column Sections. 


Properties of 
Two Channels Laced. 




Flanges 
Turned Out. 




Momenta of Inertia and Radii of Gyration. 

Axis B-B. 

j A-A Distance Inside to Inside of Webs in 
Inches = b'. 


Depth. 

Weight. 



4 i 

si 

6i 





1 


Ia 

Ta 

Ib i 

rn 

Ib 

rB 

Ib i 

TB 1 

t 

d 

h 


In. 

Lb. 

In.J 

m.^ 1 

In. 

In.< 

In. 

ln.< 

In. 

In.. 1 

In. 

In. 

In. 

In. 

In. 

7 

9.80 

5-70 

42 

2.72 

43 

273 

59 

3.22 

79 ' 

3-72 

1 

4 

I 

rl 

1 4 

1 

(( 

12.25 

7.16 

48 

2.59 

51 

2.65 

71 

3-14 

95 : 

3.64 

A 


lA 



45 

53 

6 

X 

■i 





8 

11.50 

6.70 

6s 

3,10 

47 

2.65 

66 

3.14 

88 

3-63 

1 

4 

I 

li 

f 

(C 

1375 

8.04 

72 

2.98 

S 3 

2.57 

76 

3.06 

102 

3-55 

A 




(C 

16.25 

9.52 

80 

2.89 

S 7 

2.45 

82 

2.94 

1 12 

3-43 

A 


lA 

“ 


61 

7 

1 

4 

8 

1 

4 





9 

13.40 

778 

95 

3-49 

98 

3-55 

127 

4.04 

Uo 

4-54 

j 

4 

li 

i| 

i 

a 

15.00 

8.78 

102 

3.40 

106 

3-47 

138 

3-95 

175 

4-45 

A 

“ 

lA 


“ 

20.00 

11.72 

122 

3.21 

I3I 

3-34 

172 

3-83 

220 

4-32 

' A 

“ 

ife 



6 

7 

8 1 

10 

15-30 

8.92 

134 

3.87 

107 

3.46 

140 

3-95 

176 

4.44 

i 

4 


li 

; 3 

1 4 

“ 

20 00 

11.72 

157 

3.66 

129 

3-31 

170 

3.80 

217 

4.29 

f 

“ 


1 


25.00 

14.66 

182 

3-52 

150 

3.19 

199 

3.68 

256 

4.17 



li 

i 


8 

9 



12 

20.70 

12,06 

256 

4.61 

240 

4-47 

296 

4.96 

358 

5 - 4.5 

A 

1 

ifi 

i 

n 

25.00 

14.64 

288 

4-43 

281 

4-37 

348 

4.87 

423 

5 - 3 b 

1 

1 “ 

i| 

“ 

ti 

35.00 

20.52 

358 

4.17 

353 

414 

441 

463 

541 

513 

I 


2i 

1 


9 


loj 

I 

2 





*5 

33-90 

19.80 

625 

5.62 

5 to 

5.22 

646 

5.6s 

7'\3 

6.18 

A 

1 T 3 

* 4 

2 A 

i 


45.00 

2(>U 

748 

5-32 

6^ 

4-99 

796 

5*48 

946 

5-98 

1 

1 '' 

2^ 

“ 

(( 

55.00 

32.22 

858 

5.16 

758 

4.84 

920 

5-33 

1098 

5.83 

n 

1 

2i^ 



The tabic given above is intended to serve onlv' as a guide in the choice of sections, and not as 
a complete table. The piopertics ot sections not given in table may be found as follows; 

Example. — Required the properties of a section consisting of 2 [s lo in. ati5.3lb., laced, with flanges 
turned out, Sj in. back to back. Distance inside to inside of web = -f ^ = Sj ^ 

From Table 14, Arca = 8.92 in.*. 

« Ix in Table 19 « 133.8 in.<; ^ -j- .Y = V133.8 - 4 - 8.92 = 3.87 in. 

Iq « ly in Table 19 « 207.0 in*; Tq = A = V207.0 -J* 8.92 « 4.81 in. 


55 


113 



TABLE 58. 

Properties of Column Sections. 





Channels. 

Total 

Area. 

Moments of Inertia and Radii of Gyration. 

Axis A- A. 





Axis 

B-B. 






Distance Back to Back of Channels in Inches *■ 

b. 


Depth. 

Wt. 

7 i 

8i 1 

1 

lok 1 

1 

u 

rx 

Ib 

•"d 

Ib 

tb 

Ib 

tb 

In 

rn 

Ib 1 

Tb 

In. 

Lb. 

In.* 

In.. 

In. 

In.« 

In. 

In.* 

In. 

In.* 

In. 

In.* 

In. 

In.* ! 

In. 

7 

9.80 

s-:^o 

42.2 

2.72 

60.5 

3.26 

80.2 

3.75 

102.7 

4 24 

128.1 

4-74 

'56.3 ; 

5.24 


12 25 

7.10 

48.4 

2 5 <) 

77- 1 

3.27 

102 . 1 

3 77 

130.7 

4 26 

162.9 

4.76 

198.7 1 5-27 


7 h 

8i 

9 h \ 

10^ 

Hi 

8 

11.50 

6.70 

04.6 

3.10 

70.2 

3 24 

93-1 

3-73 

1 19.4 

4.22 

149.0 

4.72 

182.0I 5.2r 


I 37 S 

8.04 

72.0 

2.98 

^ 5-5 

3.25 

113.3 

3-74 

145.2 

4.23 

ISI.I 

4.73 

221.0 1 

5.23 


8i _ _ 

9 i 

loj 

Hi 

1 

9 

13.40 

7.78 

94.6 

3 49 

106.8 

3-70 

137.1 

4.20 

I7I.2 

4-69 

209.3 

5.18 

251.3 

5.68 


15.00 

8.78 

I 0 I .8 

3.40 

122.0 

372 

136.5 

4.21 

195.4 

471 

238.7 

5.20 

286.4 

5.70 


20.00 

11.72 

121.6 

3.21 

162.9 

3-72 

208.9 

4.22 

260.8 

4.71 

318.6 

5.20 

5823 

5.70 


9 i 

loi 

Ili 

I2i 

I3J 1 

10 

15-30 

8.92 

133.8 

3.87 

I 5-3 

4-17 

194.2 

4.68 

237.6 

5.16 

285.4 

5.66 

337.7 

6.IS 


20.00 

11.72 

157-4 

3.66 

207.4 

4.20 

259.0 

4.69 

316.5 

5-19 

379.9 

5.68 

449.2 

6.18 


25.00 

14.66 

182.0 

3-52 

257-S 

4.18 

321.9 

4.68 

393.7 

5.18 

472.8 

5.67 

559-2 

6.17 


loj 

iii 

I2i 

I 3 i 

i Hi 1 

12 

20.70 

12.06 

256.2 

4.61 

2:7.. 

4.62 

3 * 4-9 

5. II 

378.8 

5-59 

448.7 

6.10 

524-6 

6.59 


25.00 

14.64 

288.0 

443 

316.3 

4.64 

387-2 

5-*3 

465.4 

5.62 

55 *.o 

6.12 

644.0 

6.62 


30.00 

17.58 

3234 

4.28 

379-3 

4.63 

464.4 

5-*3 

558.3 

5-63 

661.0 

6.12 

772.5 

6.62 


35.00 

20.52 

358.6 

4*7 

439-0 

4.62 

537.9 

5.12 

647.1 

5.61 

766.6 

6.10 

896.4 

6.60 



12J 

I 3 i 

14} 

* 5 i 

16} 

\S 

33-90 

19.80 

625.2 

5.62 

605.9 

5-53 

718.9 

6.02 

841.7 

6.52 

974-5 

7.02 

11117.2 

7 - 5 * 


35-00 

20.46 

640.0 

5-57 

630.7 

5-54 

748.2 

6.03 

876.0 

6.52 

1014 2 

7.02 

1162.6 

7-52 


40.00 

23.40 

695.0 

5-44 

721.7 

5-54 

856.2 

6.03 

1002.4 

6.51 

1 160.4 

7.03 

1330.2 

7.52 


45.00 

26.34 

747-8 

5-32 

810.6 

5-53 

961.9 

6.02 

1126.4 

6.52 

1 304. 1 

7.02 

1495.1 

7.52 


The table given above is intended to serve only as a guide in the choice of sections, and not as a 
con[K)lete table. The properties of sections not given in table may be found as follows: 

Example i: Required the properties of a section consisting of 2(3 10 in. at 15.3 lb., laced, with 
flanges turned in, loj in. back to back. 

From Table 14, Area * 8.92 in.*. 

I A * Table 20 =» 133.8 in.^; -i- A ^ V133.8 -i- 8.92 =■ 3.87 in. 

Ib ^ Table 20 = 194 2 in.^; ** V/jj -r A ^ V194.2 8.92 =* 4.68 in. 

Example 2 : Required the properties of a section consisting of 2 [s 10 in. at 15.3 lb., laced, wifh 

flanges turned in, 12 in. inside to inside of web. 

From Table No. 14, Area ■» 8.92 in.*. 

' — Ix Table 21 — 133.8 in.*; — V/^ + A — V133.8 - 5 - 8.92 ■■ 3.87 in. 

Ib * Jy Table 21 ■» 284.4 in.*; — V/^ + A ■■ V284.4 -1- 8.92 •« 5.65 in. 


114 





TABLE 59. 

Properties of Column Sections. 


Propcrtlei of 
Two Channels and 
Two Plates. 


^trt 


h 


Inside Rack 
to 

Total Inside Ba^k. 
Area, of Web. 


Moments of Inertia and Radii 
of Gyration. 


Axis B-B. Plate. Chan- 
nels. 


Web 

of 

Chan- Max 
nel. Rivet. 


In. Lb. I 

7 9-8° 

(( ii 

“ 12.25 

<< << 

8 liscT 


1375 

(t I i< 


9 j 13,40 


10 15.30 

<< <4 

“ 25.00 

44 44 

12 20,70 

44 44 

“ 25.00 

44 44 

“ 35-00 

33.90 

‘‘ 45-00 

44 44 

“ 55-00 


19.42 9 

26.42 “ 

25.16 “ 

32.16 “ 

24.06 10 

32.06 “ 
26.64 

34-64 

36.52 

44-52 

133-30 iih 


i 

ta 

Ib j 

In.< j 

In. 

i 

108 ; 

3.18 

lOI 

144 

3-31 

122 

114 

3.06 

”3 , 

150 

3.20 

134 ' 

167 

3.62 

186 i 

223 

3.76 

222 : 

174 

3-52 

204 ! 

230 

3 67 

240 

293 

4-17 

23s i 

366 

4-30 

271 ; 

320 

3-92 

280 1 

393 

4.06 

316 i 

417 

4.63 

389 1 

628 

4.88 

i 504 

465 

4-29 

492 

676 

4.58 

606 ! 

715 

5-45 

614 

1053 

5-73 

785 

747 

5-29 

679 

1085 

5-59 

849 

984 

5-19 

883 

1335 

5-47 

1053 1 

1423 

6.54 

III9 

1999 

6.87 

1362 

1548 

6.22 

I3II 

2124 

6.59 

1554 

1942 

6.21 

1584 

2536 

6.54 

1827 


The table given above is intended to serve only as a guide in the choice of sections, and not as a 
complete table. The properties of sections not given in table may be found as follows: 

Example: Required the properties of a section consisting of 2 [s 12 in. at 20.7 lb., flanges turned out, 
9i in. back to back, and 2 Pis. i6"Xj". 




Item. 

1 ^ 

Ia 


Ib 


! 

tb 

Number. 

Section. 

Size. 

Table. 

In.* 

Table. I 

In.< 

Tabic. 

In.< 

In. j 

In. 

2 

[8 

12 in. at 20.7 

u 

12.06 

19 

256 

>9 

350 

00 

00 


2 

Pis 

i6"Xi" 

I 

16.00 

5 

626 

2_. 

341 

\ 28.06 

A 28.06 



Total 1 

28.06 ; 

1 

882 

1 

691 

S.61 

4.96 






TABLE 60 . 

Properties of Column Sections. 


Channel Flanges Out. 
Minimum I-Beam 
for Web. 


Series I 
AND II. 



Series 

I. 



Series II. 

Flange 

Channels. 

Web Beam. 

Total 

Area. 

Moments of Inertia and 
Radii of Gyration. 

Web Beam. 

Total 

Area. 

Moments of Inertia and 
Radii of Gyration. 

^ 1 

.fi 

Depth. 

Weight. 

Axis A- A. 

Axis 

B-B. 

Depth. 

Weight. 

Axis A- A. 

Axis B-B. 

1 

i 

Ia 


IB j 

re 

1a 

ta 

Id 

tb 

In. 

Lb. 

In. 

Lb. 

In.* 

In.« 

In. 

In.* 

In. 

In. 

Lb. 

In.* 

In* 

In. 

In.« 

In. 

6 

8.20 

6 

12.50 

8.37 

28 

1.82 

82 

3*3 

7 

15^30 

9.18 

29 

*•77 

II4 

3-53 

<( 

10.50 

“ 

“ 

9.75 

32 

I.81 

99 

3*9 



* 0-57 

33 

1.76 

*37 

3-59 

7 

9.80 

6 

12.50 

9-31 

44 

2.18 

95 

3.20 

7 

15^30 

10.12 

45 

2.1 1 

13* 

3.60 


12.25 

“ 

“ 

10.77 

50 

2.16 

1*4 

3-24 



**•59 

5 * 

2.10 

*55 

3.66 

8 

11.50 

6 

12.50 

10.31 

66 

2.54 

1 10 

3.27 

7 

15^30 

1 1. 12 

67 

2.46 

*50 

3.67 


1375 

“ 

<4 

1 1.65 

74 

2.51 

127 

3.30 



12.47 

75 

2.44 

172 

3 - 7 * 

9 

13.40 

7 

* 5-30 

12.20 

97 

2.82 

171 

3-74 

8 

18.40 

13. II 

98 

2.74 

226 

4*5 


15.00 


4 i 

13.21 

104 

2.81 

188 

3.76 



14.12 

106 

2.7.1 

247 

4.17 

<( 

20.00 


“ 

16.15 

124 

277 

237 

3.83 



17.06 

*25 

2.71 

309 

4-25 

10 

15-30 

8 

18.40 

14.28 

13^ 

rJ-” 

253 

4.22 

9 

21.80 

* 5-23 

*39 

3.02 

325 

4.62 

it 

20.00 

“ 

u 

17.06 

161 

3-07 

3*2 

4.28 


“ 

18.04 

*63 

3.00 

398 

4.69 

tt 

25.00 

“ 

(( 

20.00 

186 

3.0s 

377 

4-34 



20.98 

187 

2.98 

477 

4-77 

12 

20.7 

9 

21.80 

18.38 

261 

3-77 

4*9 

4.78 

10 

25.40 

* 9-43 

263 

3. 68 

522 

5.18 

it 

25.00 

a 

“ 

20.96 

293 

3-74 

488 

4.82 



22.02 

295 

3.66 

605 

5-24 

it 

30.00 


“ 

23.90 

329 

3.70 

568 

4.87 



24.96 

330 

3-(>3 

701 

5-29 

it 

35.00 

a 

( ( 

26.84 

’364 

3 68 

652 

4.92 

(i 


27.90 

366 

3.62 

801 

5-35 

it 

40.00 


a 

29.78 

399 

3.66 

740 

4.98 

<< 

1 


30.84 

401 

3.60 

905 

5 - 4 * 

15 

33.90 

10 

25.40 

27.18 

632 

4.82 

803 

1 5-44 

12 

31.80 

29.06 

635 

4.67 

1 146 

6.28 

a 

35.00 

“ 


27.84 

|647 

4.81 

829 

5-45 

ii 


29.72 

650 

4.67 

' 1181 

6.29 

it 

40.00 



30.78 

1702 

4-77 

927 

5.48 

4€ 


32.66 

705 

4.64 

i * 3*7 

6.34 

tt 

45.00 

“ 


3372 

'757 

4-73 

1030 

5-52 



35.60 

760 

4.61 

1 *457 

6.38 

it 

50.00 

“ 

“ 

36.66 

812 

4.70 

**35 

5-55 

<< 


38-54 

8*5 

4-59 

1600 

6.43 

it 

55.00 


(( 

39.60 

|867 

4.07 

1244 

5.60 

a 


41.48 

870 

4-57 

1 *747 

6.48 


The tabic given above is intended to serve only as a guide in the choice of sections, and not as a 
complete table. The properties of sections not given in the tabic may be found as follows: 

Example: Required the properties of a section consisting of 2 [s 10 in. at20.7lb., flanges turned out, 
and one I9 in. at 21.8 lb. 


Item. 1 

A 

Ia 

I 

B 

r\ 

re 

Num- 

See- 

Size. 

Table. 

In.* 

Table. 

In.* 

Tabic. 

In.* 

In. 

In. 

bcr. 

tion. 










2 

[s 

10 in. at 20.7 lb. 

*4 

11.76 

*9 

1 

*57-4 

*9 

312-7 


^ j}97^ 

I 

I 

9 in. at 21.8 lb. 

7 

6.31 

7 

5-2 

7 

84.9 

A 18.07 

\ 18.07 


i 

Total 


18.07 


162.6 


397-6 

3.00 

4-69 








TABLE 61 . 

Properties of Column Sections. 


Properties of 
Channel and I-Beam 
Section. 



Channel Flanges In. 
Minimum I-Beam 
for Web. 


Series I 
AND II. 

Flange ... , „ 
Channels. Beam. 


Lb. In. i Lb. 


Moments of Inertia and ,,, . ^ 
I^aii of Gyraiion. Web Beam. 


Moments of Inertia and 
Radii of Gyration. 


Total 

Area. 

A.xis A-A. 

Axis B 

-B. 

•5 

’ 5 ) 


Ik r., 

1 b j 

rn 

& 

V 

In.* 

In.* In. 

In * 

in. 

In 

Lb 

9.21 

j 

29 1.77 

86 

3.06 

8 

18.40 

10.57 

33 ' > 7 (> 

106 

3 16 

“ 

“ 

10.12 

45 ’ :.■! 

95 

3 07 

8 

18.40 

»i -59 

51 , 2.10 

117 

3.17 



1 2.06 

68 : 2,38 

149 : 

3-52 

9 

21.80 

13.38 

76 1 2.3H 

' : 

}.()0 


ii 

14.10 

j 

100 ; 2.66 

221 

3-96 

10 

; 25.40 

1 5.10 

: 107 ' 2.66 

244 

4.02 


1 

18.04 

127 : 2.65 

314 

4-17 

“ 

it 

1 

15.26 

!i39 3.02 

240 , 

3-97 

10 

: 25.40 

18.04 

I163 3.00 

305 

4. II 


1 ii 

20.98 

187 2.98 

1 

378 

4.24 



19.44 

263 1 3.68 

^ 383 ' 

4.44 

12 

31-80 


12 20.70 10 25.40 19.44 1203 ! 3. 3»3 444 I- 3i-«0 21.32 2tX) 353 599 5.30 

“ 25.00 “ “ 22.02 295 I 3.66 ; 458 4.55 “ “ 23.90 298 3.52 705 5.42 

“ 30.00 “ “ 24.9633013-63' .U3 '4-67 “ 26.84 333 3.52 827 5.54 

“ 35.00 “ “ 27.90366 3-62! 63714.77 “ 29.78 368 3-Si 954 5-66 

“ 40.00 “ “ 30.84401 3-6 o 732 1 4.87 “ “ 32.72 404 3-51 1086 5.76 

15 33.90 12 31.80 29.06 635 4.67 855 15.42 15 42.90 32.29 640 4.45 1458 6.72 

35.00 “ “ 29.72650 4.67 88715.45 “ “ 32.95 655 4.45 1507 6.75 

“ 40.00 “ “ 32.66 705 4.64 loro ‘ 5.55 “ “ 35.89 710 4.44 1694 6.86 

“ 45.00 “ “ 35.60760 4-6i : 113^ 5-64 “ ‘‘ 38.83 765 4-43 1887 6.96 

“ 50.00 “ “ 38.54 815 4.59 126S 5.73 “ “ 41.77 820 4.42 2083 7.05 

“ 55-00 “ “ 41.48 870 4-57 1403 j5«i “ " 447i 875 4.41 2284 7.15 


The tabic given above Is intended to serve only as a guide In the choice of sections, and not as a 
complete table. The properties of sections not given in the tabic may be found as follows: 

Example: Required the properties of a section consisting of 2 [s 10 in. at 20 Ib., flanges turned in 
and one I9 in. at 21.9 lb. 


Total 
Area, j 

Axis 

A-A. 

Axis 

R-B. 

; 

I.v 

ta 

Ib 

tb 

In.* 

In* 

In. j_ 

In.< 

In. 

10.12 

30 

I 72 1 

123 

3*49 

11.48 

34 

1.72 j 

149 

3.60 

I I.O^ 

46 

2.04 

13s 

3-50 

12.50 

52 

2.04 

163 

3.61 

13.04 

70 

2.32 

203 

3-95 

14.36 

77 

2.32 

234 

4.03 

15.16 

lOI 

2.58 

292 

4-39 

16. 16 

10c; 

2.59 

321 

4-45 

19.10 

129 

2 60 

405 

4. to 

16.32 

141 

2.94 

316 

4.40 

19.10 

164 

2-93 

396 

4-55 

22.04 

189 

2.93 

483 

4.68 

21.32 

266 

3 S 3 

599 

5-30 

23.90 

298 

3-52 

70s 

5.42 

26.84 

333 

3.52 

827 

5-54 

29.78 

368 

3 -Si 

954 

5.66 

32.72 

404 

351 

1086 

5.76 

32.29 

640 

4-45 

1458 

6.72 

32-95 

655 

4-45 

1507 

6.75 

35-89 

710 

4.44 

1694 

6.86 

38.83 

765 

4-43 

1887 

6.96 

41-77 

820 

4.42 

2083 

7-05 

44.71 

875 

4.41 

2284 

7-15 

the choice of sections 

, and 

not as 










TABLE 62. 

Properties of Two Channels and a Built LBeam. 
Flanges Turned Out. 


Properties of 
Two Channels 
and 

a Built I-Beam. 



Channel Flang:es Out. 
Distance Back to Back 
of Channels Equals 
Width of Web Plate Plus J" 


Series X and 2. 
Channel. | 


12 20.7 3X3xA 

12 i 25 

12 I 30 “ 

12 20.7 shshi 

12 25 

12 30 

15 !33-90 3 lx 3 ixi 
15 I 35 

15 I 40 

15 '33-90 
IS I 35 

i; I 40 ‘‘ 



Scries 

X. 


fi 

Axis 

a-a. 

Axis 

u 

< 

ci 

*0 fl 

sS 

« u 

5 

1 s 

.2 

E 

H 

I?- 

‘ 0 

:<0 

St.- 

0 

A 

'a 

r* 


In.* 

In.* 

In. 

In.* 

21.18 

269 

3-57 

402 

23.76 

301 i 

, 3-56 

464 

26.70 

337 

I 3-55 

536 

24.98 

282 

3.36 

436 

27.56 

314 

3-37 

498 

30.50 

349 

1 3-37 

57 t 

32.72 

651 

i 446 

652 

33.38 

666 

1 446 

672 

36.32 

721 

445 

747 

34.99 

663 

! 4-35 

982 ‘ 

35.65 

677 

: 4-35 

1010 

38.59 

733 

435 

1117 



5-2 


In .2 ln.< In. 


270 3-44 

302 3.44 

337 I 344 
282 ! 3.31 
314 i 3-32 
349 ^ 3-33 
651 ; 4.41 
666 4.41 

721 I 4.41 

663 4.31 

677 4-31 

733 4-31 


610 5.16 

700 5.23 

804 5,31 

657 S-OS 

747 5-13 

851 S-*« 

961 5.36 

989 3-38 

1096 S-43 

iiio 5.57 
1138 S-S8 
1245 5.62 


The above table is intended to serve only' as a guide in the choice of sections and not as a com- 
plete table. The properties of sections not given in table may be obtained as follows: 

Example: Determine the properties of a section composed of * channels 15" X SS lt>-> • plate 
12" X i" and 4 angles 4" X 4" X 4 ", ll\" back to back. 

Solution: 


Moment of Inertia. 


2(*i5"x55lb. 14 32.22 19 858 19 1587 

1 PI — i2"xi" I 6.00 4 I o 3 72 

4 JW'xi" 32 15-00 1 35 I S3 32 389 


911 


Radius of Gyration. 

Axis A-A. 

Axis li-B. 

•■a 


hv^lA + A 


In. 

In. 



1 911 
A/s 3-22 

12048 

\ 113.22 

fA « 4.14 

fB “ 6.20 





TABLE 63 . 

Properties of Two Channels and a Built LBeam. 
Flanges Turned In. 


Properties of 
Two Channels 
and 

a Built I-Beam. 



Channel Flanges In. 
Distance Inside to Inside 
Of Channels Equals 
Width of Web Plate Plus 


Series i and a. 

Channels. 1 


12 25 
12 30 


12 25 

12 30 


15 40 


*5 35 

IS 40 



A'.is A-A. 

Axis B-B. 

c 

rt 

g .2 s 2 . 

c rt ! 5 2 . 

CU 

1 ^ t ^0.2 

'lo.i 




Vm 

0 

i , TA 

; 

N 

75 

1 In.* ^ In. 

In.^ j In. 

In. 


269 

3*52 

4 3 

4*37 

I 2 X| 

23.68 

301 

3-52 

535 

4.70 


26.26 

336 

3-52 

631 

4.81 

ii 

29.20 

282 

3.22 

1054 

6.22 

16x5 

29.98 

314 

324 

1205 

b.35 

“ 

32.56 

349 

3-25 

1380 

C.49 


3 S -50 

651 

4.36 

1034 ' 

' 5*50 

H^l 

34-97 

666 

! 4 - 3 '> 

1068 

; 5-52 

“ i 

35-63 

721 

1 4-36 

! 1201 

j 

; 5 -b 3 

1 


38-57 

663 

1 

I 4.22 

' 1963 

7.26 

l8.x'§ 

40.24 

677 

4.22 

2021 

7.29 


40.90 

733 


2245 

1 1 

7-41 


43.84 


Axis A-A. 

Axis B-B. 

Moment 

of 

Inertia, 

R.adius 
of Gyra- 
tion. 

Moment 

of 

Inertia. 

Radius 
of Gyra- 
tion. 

1a 

^A 

1b 

^B 

ti.* In. 

In.* 

In. 


The above table is intended to serve only as a i^uide in the choice of sections and not as a com- 
plete table. The properties of sections not given in table may be obtained as follows: 

Example: Determine the properties of a section composed of 2 channels 15" X 55 lb., I plate 
18" X i" and 4 angles 4" X 4" X 3", back to back. 

Solution : 


2isi5"x55 lb. 21 I 32.22 21 

iPl— i8"xi" I j 11.25 4 

|4.44"x4"x1" 32 I 15.00 35 


1 

duincnt < 

>f Inertia 


Radius of GjTation. 

Axis 

\- \. 

Axis 

H-H. 

.Avis A-A. 

Axis B-B. 

T^le 


T.able 

1b 

.A 

= l 7 1 B A 


In.* 


In.. 

In. 

In. 



21 

4 

35 

858 

0 

56 

1 

21 j 

3 

32 

2716 

\ 304 

! 969 

1 914 

A 58-47 

3989 

> 5 M 7 


914 

Ib = 

1 3989 

fa = 3.96 

ra ==-8.25 


119 




TABLE 64 . 

Properties of One Channel and One I-Beam. 




i/fH 

Properties of A. ^ 

One Channel ! 

and One I-Beam. d 

1 

^ A Properties of 

‘ e ' One Channel 

J. and One I-Beam. 

d 


Ser. I & 2. 

Series i. 

Series 2. 

Beam. 

Channel. 


Axis A-j 


Axis B~B. 

Channel. 


Axis A-A. 1 

Axis B 

-B. 

5 

. 

.S 

ee 

.d 

4J 

"S 

1 

ra 

C ‘Z 

t. 

IS 

'0 d 

•J 5 ° 

ll 

c 

0 .ti 

. 

n 

0 = 

*0 d 

I'i 


zc 

1 

'd 

0 

*-• rt 
C'S 

0 ^ 
c a; 

0 = 

Hi 

5 ccen- 

ricity. 

g-g 

1.5 

*0 d 
'/>P 

& 

1 

V 

Q 

JJ 

H 




"'0 

r) >, 

C 3 iO 

0.1 

Z 

H 


3 ^ 6 * I 


’^0 

23 





A 

u 


e 

Ib 

Tfl 



A 

I.V 

■■■' 1 

e 

III 

rn 

In. 

Lb. 

In. 

... 

In.s 

In.^ 

9 ''' 

In. 

In.* 

In. 

In. 

Lb. 

In.* 

In.* 

j 

In. 

In.* 

In. 

8 

18 

5 

6 , 

7.28 

77 

3-23 

0.99 

II . 2 

1.24 

6 

8 

7.71 

Ho 

! 

3.22 i 

.-.3 

16.8 

1.48 


20J 



7.91 

81 

3.20 

0.91 

1 1.4 

1.20 

“ 


8.41 

84 

3.16 ! 

1.04 

17.0 

1.42 

9 

21 

6 

8 

8.69 

1 16 

3.65 

I-I5 

18.2 

1-45 

8 

Hi 

9.66 

124 

3.58 ' 

I 44 

37-5 

1.97 


25 



9-73 

124 

3-57 

1.02 

18.6 

1.38 



10.70 

133 

3-52 

1.30 

37-9 

1.88 

10 


6 

8 

9-75 

162 

4.08 

1. 14 

19.9 

1.43 

8 


10.72 

173 

4.02 1 

1-45 

39-2 

1.91 

** 

30 

“ 

“ 

1 1.20 

176 

3-97 

0.99 

20.6 

1.36 



12.17 

188 

3-92 

1.28 

39-9 

1. 81 

12 

3I2 

8 

Hi 

12. 6r 

295 

4.84 

1.50 

41.8 

1.82 

10 

15 

13-72 

313 

4-77 

1.82 

76.4 

2.36 


40 



15-19 

353 

4.82 

1-25 

46.1 

«-74 



16.30 

373 

4-78 

1-53 

80.7 

2.22 

15 

42 

8 

*Ili 

15.83 


6.04 


46.9 

1.72 

10 

>5 

16.94 

610 

6.00 

1.87 

81.5 

2.19 



12 

20 i 

IS. 51 

649 

5-92 

2.31 

142-7 

2.78 

15 

33 

22.38 

729 

5-71 

3-15 

327-2 

3.82 


SO 

8 

Ili 

1S.06 

624 

5.88 

1.32 

48.3 

1.63 

10 

15 

19.17 

658 

5.86 

1.65 

82.9 

2.08 


60 

12 

20^ 

20.74 

702 

5.81 

2.06 

I44.I 

2.64 

15 

33 

24.61 

791 

5.67 

2.86 

328.6 

3-65 

ti 

8 

III 

21.00 

754 

5.91 

I 14 

58.3 

1.67 

10 

15 

22.13 

791 

5-98 

1-43 

92.9 

2.05 


12 

20 h 

23.68 

838 

5-95 

1.80 

I54.I 

2.55 

15 

33 

27-57 

938 

5.83 

1 

2.55 

338.6 

3-50 

18 

55 

8 

III 

19.28 

1004 

' 7 . 2 I> 

1-50 

53-5 

1 1.67 

10 

' 15 

20.39 

1056 ' 

7.19 

1.88 

88.1 

2.08 

** 

i ^ 

12 

20 2' 

21.96 

1 1 22 

7,14 

2.35 

! » 49 - 3 

2.61 

15 

: 33 

25-83 

1257 

6.97 

3-30 

333-8 

3-59 


: ^5 

8 

III 

22.47 

1096 

6.98 

1.28 

I 55-8 

; 158 

10 

, 15 

23-58 

1151 

16.98 

1.63 

90-4 

1.96 


12 

20^ 

25-15 

1 223 

6.97 

2.06 

151.6 

' 2.46 

15 

■ 33 

29.02 

1373 

6.88 

2.94 

336.1 

3.40 


75 

8 

III 

25-40 

1360 

7.32 

1. 14 

78.7 

j 1‘76 

10 

! 15 

26.51 

1418 

1656 

7-31 

I 45 

113.1 

1 2.06 



12 

2O5 

; 28,08 

1494 

7,29 

1.84 

1 74-3 

1 2.49 

IS 

i 33 

31-95 

1 7-24 

i 1 

2.67 

358.8 

'3-37 

1 

20 


9 

131 

22.97 

1470 

8,00 

1.63 

75.2 

j 1. 81 

10 

‘ 15 

23-54 

1507 

, 8.00 

1.82 

94.8 

2.01 

** 

! 

12 

20j 

25-11 

1594 

7-97 

2.30 

156.0 

2.49 

15 

33 

28.98 

1779 

’ 7-84 

3-29 

340.5 

3-43 


! 70 

9 

, nl 

24. 48 ’1524 

7.89 

i 1-53 

76.3 

!i ‘77 

10 

15 

25-05 

1562 

: 7-89 

1.71 

95 9 

1.96 


! “ 

I 80 

12 

; 2 o\ 

26,62 

1652 

7.88 

1 2.17 

157.1 

1 2.43 

15 

33 

30.49 

i8.|6 

7-79 

3.12 

341.6 

3-34 

9 

i * 3 i 

27.62 

1777 

' 8.02 

1.36 

1 93-1 

I 1.84 

10 

15 

28. 19 

1816 

; 8-03 

1.52 

112.7 

2.00 


(t 

12 

i 20 i 

I 

29.76 

1912 

8.02 

1.94 

173-9 

i 2.42 

1 

15 

33 

33-63 

2120 

7-94 , 

2.83 

358.4 ; 3-26 

124! 80 

9 

! * 3 l 

27.21 

2539 

9.66 

1.66 

90.2 

1.82 I 

10 

15 

27-78 

2594 1 

9.66 ' 

1.86 

109 8 

1.99 



12 

20 h 

29.35 

2734 

9,66: 

2.38 

171.0 

2.41 

IS 

33 

33-22 

3033 

9-55 

3-46 

355-5 

: 3.27 


90 

9 i in 

30,36 

2700 

9.43 j 

1 1-49 

93.0 

1.75 

10 

15 

30.93 

2755 

9-43 

1.67 

1 12.6 

1.91 

« 


12 

20 \ 

32.qo 2902 

9 - 45 ^ 

I 2.15 

173-8 

i 2.31 

15 

33 

3637 

3219 

9.40 

3.16 

35«-3 

: 314 

100 

10 


33.87 :2904 

9.26 

1 1-53 

115.5 

; 1.85 

15 

40 

41.17 

1=148 

9.28 

3-35 

396.1 

1 3.10 


** 

12 

2a§ 

3 5 ‘44 

305s 

9.29 

! 1-97 

176.7 

2.23 

15 

33 

39-31 

3.187 

9.28 

2.92 

361.2 

3-03 



10 


35-44 

333 « 

9,69 

i 1.46 

145.8 

: 2.03 

15 

40 

42.74 

3997 

9.67 

3-23 

426.4 

j 3.16 


12 

20) 

3701 

3492 

9,71 

1 1.89 

207.0 

2.36 

15 

33 

40.88 

3831 

9.67 

2.81 

391-5 

3 09 


Note 1924. This table was calculated in 1914. Minimum channels have been u^d for 
which all values are as given in Table 14 except "weights.’* For minimum I-beams given in 
Table 7 all properties given in this table, except "weights" are exact. For other than minimum 
I-beams check total areas"; other values are correct within two-tenths of one per cent. 
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TABLE 65 . 

Properties of One Channel and a Built I-Beam. 


Properties of 
One Channel 
and 

One Built I-Beam. 


/i 


! ! 

e 

4 

t 

~T~ 

A. 

1 f 

^ 1 


B 

Angles. 


Back to Back of Angles Ekjuals 
Width of Web Plate Plus 
* Top Angles, Short Legs Out. 
Bottom Angles, Long Legs Out. 


Depth. Weight. Bottom. ! Top. 


, , ^ Radius I Moment Radius 

xMoment Lccen- of Qy. 

of Inertia, nation, tncity. inertia, ration. 


In. Lb. 


In. In. 


lO 15-3 


12 20.7 




Sx.vi-'J li-’t.hxj i 24-52 


“ J ! 27-96 
“ 5 31 26 

4X4xi 27.97 


»6 .x 4 x| ! 



*6x4xJ 54.03 

“ I 58-97 

“ i 63.79 

*6x4xJ 57.90 
“ i 62.84 

“ J 67.66 
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TABLE 66. 

Properties of Built Struts. 


Properties of 
One Channel 
and One Angle. 




Long Leg of Angle Turned Out. 
Back of Angle Flush with 
Flange of Channel. 


Depth Weight 
of of 

Chan- Chan- 
i nel. nel. 


4 5-4 

5 6.7 


6 8.2 


7 9-8 


8 ii.s 


9 13-4 


10 iS-3 


IS 33*9 


Size of Angle. 


2 jX 2 iXi 
3 X 2 jxi 
2jX2}X} 

3 X 2 ixi 
3 JX 2 iXi 

4 X3 XA 
2iX23Xi 

3 X2iXi 
35 X 2 - 2 X 1 

4 X 3XA 

3 X 2 IXI 

35 X 2 - 2 X 4 

4 X3 

5 X3 Xft 

4 X3 X-h 

5 X 3 X-h 

5 X 3 IXA 

6 X 34 X 3 
6 X4 Xi 

4 X3 X-h 

5 X3 X-h 

5 X3^XiV 

6 X 3 ^Xi 
6 X4 Xi 

4 X3 Xft 

5 X3 XA 

5 X35XA 

6 X3iXi 
6 X4 Xi 

4 X3 XA 

5 X3 XA 

5 X 3 IXA 

6 X3lXi 
6 X 4 Xi 

4 X3 XA 

5 X3 XA 

5 X 3 IXA 

6 X3IXI 
6 X 4 Xi 


Mo- Radius 

ment of Eccen- 

of Gyra- MoJu- tricity. 

Inertia, tioii. 

I I e 

! In.« I In. In.» ! In. 


Mo- Radius 

ment of ^ction Eccen- 

of Gyra- Modu- tricity. 

Inertia, lion. 
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Two Angles Starred, 
Equal Legs. 


TABLE 67 . 

PftOPERTiES OF Starred Angles. 


Four Angles Starred, 
Equ^ Legs. - 


Values for Axis A-A same 
as in Table 38. 


Least 
Total Radius 



Values for Axes A-A & 
B-B same as in Tables 
39 & 40 respectively. 

Least 
Total Radius 
Size of Area, of Gy- 


Size of Area. 
Angles. 


Total Radius 
Area, o* L'V- 
ration. 


2\x2\x\ 


3ix3Jxi 

“ i 
“ i 



2jX2jxjl 

“ I 



kJ 15.50 

5 19.22 
22.88 
i 26.46 
I 30.00 


For unequal lee angles, the angle between 
B-B & C“C varies between 10® & 34®. 

Tie plates for unequal lej angles =|". 


Four Angles Starred, 

Unequal Legs. 

IE 

' 

5 


A ^ — 




3 



Radius of 

Total 

Gyration. 

Size of Area. 

Axis 

Axis 

Angles, 

A-A. 

B-B. 

A 

Ta 

Tfi 

In. In.* 

In. 

In. 

22X2x} 4.24 

i.n ! 

.80 

1 6.20 

1. 13 

81 

3X2jxJ 5.24 

I.3I 

1. 00 

“ t 7.68 

I 33 

1.02 

3§x3x} 6.24 

1.52 

1.20 

“ 1 9-20 

1-53 

1.23 

“ i 12.00 

1-55 

1.24 

“ 1 14.68 

1 1.57 

1.26 

4x3xJ 6.76 

1-77 

1.16 

“ 1 9.92 

i 1.80 

1. 17 

“ 1 13-00 

1 1.82 

1.20 

“ 1 15.92 

1.84 

1.22 

5X3X-; 11.44 

2.34 

1.09 

“ i 15.00 

2.36 

1. 11 

“ 1 18.44 

2.39 

1.14 

“ 1 21.76 

2.41 

1.16 

5x3^x| 12.20 

2.27 

1.34 

“ 1 16.00 

2.29 

1.36 

“ 1 19.68 

2.31 

1.38 

“ i 23.24 

2.33 

1.40 

6x4x1 14.44 

2.74 

1.50 

“ 5 19.00 

2.76 

1.51 

“ 1 23-44 

2.78 

1-53 

“ i 27-76 

2.80 

1.56 

“ i 31-92 

2.82 

1.58 

“ I 36.00 

2.85 

1.60 

8x6xi 27.00 

3.56 

2.32 

“ 1 33-44 

3-58 

2.33 

“ i 39-76 

3.60 

2.3s 

“ 1 45-92 

3.62 

2.37 

“ i; 52-00 

3.64 

2.39 


When angles are not in contact, use tables 38, 
39 , & 40. 
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TABLE 68. 

Properties of Four Angles Laced. 


Properties 

of 

Four Angles Laced. 


' — lii — ’"T 

^ j 

t — V 


For Equal Legs and 
Unequal Legs with 
Long Legs Turned Out. 


Four 

Angles. 


Total 

Area. 


Moments of Inertia and Radii of Gyration. 


Axis B-B. 

Thickness of 2 Lacing 
Bars = /. 


Axis A- A. 


Distance Back to Back of Angles in Inches = d. 





2 R 

i" = 

ars 

2 Bar*? 1 

= 1 

81 

10 

! 

12 

i 

I4I 

i6i 




iB 

rn 

Ib 

Tb 1 


Ta 

Ia i 

rx 1 

I.' 1 

Ta 

1 

‘‘A 

'v 1 

Ta 

In. 


In.» 

In.< 

In. 

In* 

In. 

In* 

In. 

In.^ ; 

In. 

In* 

In, 1 

In.< 

In. 

In.* 

In. 

3X2i?( 

1 

5-24 

12 

1.50 

13 

1-55 

71 

3.68 

II3 

4.64 

167 1 

5.64 

231 

6.64 

305 

7.63 

“ 

3 

1 

7.68 

18 

1-53 

19 

1.58 

100 

3.61 

162 

4-59 

240 

5-59 

333 

6.58 

440 

7.58 

“ 

1 

2 

10.00 

24 

1-55 

26 

1.60 

128 

3-57 

208 

4.56 

308 

5-55 

428 

6 -S 4 

567 

7-54 

4x3^1 

9.92 

39 

1.98 

41 

2.03 

127 

3.58 

206 

4.56 

305 

5-55 

423 

6.53 

561 

7-52 


1 

13.00 

S 3 

2.01 

55 

2.06 

162 

3-53 

264 

4-51 

392 

5-49 

54 ^^ 

6.48 

725 

7.48 


i 

s 

15.92 

66 

2.04 

6 c) 

2.08 

193 

3.48 

317 

4.46 

472 

5-44 

659 

6.43 

879 

7-42 


i 2 Bars 
j" = y' 

2 Bars 

5 " _ 5 '^ 
T€ — 8 

lol 

i: 

1 

i 

145 

i6i 

i8j 


.3 

9.92 

27 

1.66 

29 

1.71 

190 

4.38 

284 

5 - 3-1 

398 

<^•34 

532 

7-32 

683 

8.31 


L 

2 

13.00 

37 

1.69 

39 

1-73 

243 

4.32 

3^^^5 “ 

| 5-30 

S13 

6.28 

687 

7-27 

887 

8.26 


k 

8 

15.92 

46 

1.70 

49 

1.76 

291 

4.27 

440 

5.26 

619 

6.23 

831 

7.18 

1075 

8.21 

4x4x1 

11.44 

39 

1.86 

42 

1.91 

21 1 

4.29 

316 

5-25 

444 

6.22 

596 

7.22 

770 

8.20 



15.00 

53 

I.8S 

56 

1-93 

271 

425 

408 

5-22 

575 

6.19 

772 

7-17 

999 

8.16 


1 

18.4+ 

b 7 

1.91 

71 

1.96 

325 

4.20 

491 

1 5 -i 6 

695 

6.14 

935 

7.12 

1213 

8. II 



2 Bars 

A" = i" 

2 Bars 

r = r 

loj 

i; 

d 

14J 

i6i 

l8i 


q 

12.20 

76 

2.50 

79 

2 .S 5 

248 

! 4-51 

3^^7 

5-48 

511 

6.47 

679 

7.46 

872 

8.45 


5 

16.00 

102 

2.53 

106 

I2.58 

318 

4.46 

472 

5-43 

639 

6.41 

878 

7.41 

1129 

8.40 


5 

s 

19.68 

128 

2-55 

! 133 

1 2.60 

382 

4.40 

571 

5-39 

800 

6-37 

1067 

7.36 

1374 

8.36 

6x4x^ 

19.00 

170 

' 2.99 

: 176 

! 3.04 

370 

4.41 

551 

5-39 

770 

6.36 

1027 

7-35 

1321 

8.34 


i 

2344 

213 

I3.01 

' 220 

13.06 

448 

14-37 

669 

5-34 

937 

6.32 

1252 

7-32 

1614 

8.30 


1 

27.76 

257 

1 3-04 

i 265 

3-09 

S >7 

'4.32 

777 

5.29 

1092 

6.27 

1462 

7.26 

1888 

8.24 


The above table is intended to serve only as a guide in the choice of sections and not as a com- 
plete table. The properties of other sections may be found as follows: 

The areas and moments of inertia of four angles about the axis J-A arc given in Table 32, for 
equal leg angles; Table 33, for unequal leg angles, long legs out, and Table 34, unequal leg angles, 
short legs out; the axis A- A corresponding to axis X-X in Tables. The radius of gyration about 
axis A-A may be calculated from the formula = V/^ -F A. 

The moments of inertia of four angles about the axis B-B arc given in Tables 35, 36 and 37, 
the axis B-B corresponding to Y-Y in Tables. The radii of gyration of four angles about the axis 
B-B may be calculated from the formula = V/b - 5 - A^ or may be found from Tables 38, 39 and 
40, the radius of gyration of four angles being equal to that of two angles. 


124 





TABLE 69 . 

Properties of Four Angles and One Plate. 


Properties of 
Plate and Angle 
Column Sections. 



Without 
Flange Plates 
Long Legs Out. 

. Width of Web Plate Plus i In. 


Moments of Inertia and 
Radii of Gyration. 


Moments of Inertia and 
Radii of Gyration. 


Axis B-B 
In ! Tb 


In. 

In.’ 

In.* 

In 

In.* 

In. 

In. 1 In.* 

In.* 

In. , 

In.* 

In 

3 x 25 x} 

7.24 i 

81 

3 - 3 f^ 

10 

1. 19 

3 ^x 23 .xJ ’ 7-76 1 

90 

3-41 

16 1 

1.44 

H 5 

1 6 

8.48 

97 

3-38 

13 

1.23 

“ Ai 9-12 j 

108 

3-43 

20 ; 

1.49 

3 ix 2 ix-, 5 g 

9.62 

no 

3.38 

21 

1-47 

4x3x^ 10.86 

122 

3-35 

30 

1.67 

“ t 

10.94 

127 

3-40 

25 

1.51 

“ 1 12.42 

I4I 

3-36 

36 

1.71 

4x3x1 

12.92 

143 

3-33 

37 

1.70 

4x3x2- ; 16.00 

178 

3-33 

SO 

1-77 

A 

1-3-48 

161 

3-34 

43 

1.73 

17-48 

194 

3-33 

56 

1.79 

35 x 25 xi« 

10.25 

181 

4.20 

21 

1.42 

4x3x-,'i; ; 11.49 

201 

4.18 


1.62 

“ i 

11.57 

208 

4.24 

25 

1.47 

“ i ; 13-05 

232 

4.22 

36 

1.67 

4x3^3 


237 

4.16 

37 

1.65 

6x4.x? 1 18.19 

319 

4.19 

"9 

2.56 

ih 

15-23 

267 

4 -*^ 

44 

1 .69 

;; A 1 20.47 

361 

4.20 

1 139 

2.61 

5 '‘ 3 - 5 -''» 

15-95 

279 

4.1S 

71 

2.10 

i 1 22.75 

401 

4.20 

160 

2.65 

“ A 

17.87 

315 

4.20 

82 

2.15 

A 24.99 

440 

4.19 

180 

2.69 

5 ^ 3 l-'^i 

21.00 

360 

4.14 

00 

2.16 

6x4xJ 1 24.00 

i 412 

4.14 

165 

2.62 

(t 9 

22.88 

393 

4.14 

1 1 1 

2.20 

“ -’e 26.24 

! 451 

4-15 

187 

2.66 

. j 

24.68 

424 

4.15 

123 

2.22 

“ a ' 28.44 

! 489 

4.15 

206 

2.69 


4x3x1^ 12.11 1 
“ I i 3-(>7 i 
4x3x3 14.42 i 

“ lv 9 S j 
Sx 3 Sx 3 \(yjo 
“ iJ7)2 i 


1-57 

1.62 “ I 


“ i 

tt 9 

r€ 


? 20.50 

j 22.00 I 
A 23.88 ; 

I 25.68 1 
a 27-48 
5 29.24 


I 5.02 
' S -04 
5.04 
5.06 
5-07 
5.08 

509 

4.99 

5.01 

5.02 
5.01 
5-01 



The above table is intended to serve only as a guide in the choice of sections and not as a com- 
plete table. The properties of other sections may be found as follows: 

Example: Required the properties of a section composed ol 4. A 5" X X long legs 
out, l2i" back to back, and one plate 12" X 


I PI— I 2 xA 
Totals 


Area. 

Table 

A 

No. 

111 .* 

33 

14.12 

I 

5-25 

A « 1 

JLSilZ-. 


Moment of Inertia. 


Radius of Gyration. 


'rA = V^Ia-A Ub- /Ib-hA 


' 19-37 
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TABLE 70. 

Pkopbbtibs of Four Akglbs and Thrbb Platbs. 


Properties of 
Plate and Angle 
Column Sections. 



With 

Flange Plates. 

d - Width of Web Plate Plus i In. 


Series I and II. | 

Series I. | 

Series II. 

Web 

Plate. 

Four 

Angles. 

Two 

Cover 

Plates. 

Total 

Area. 

Moments of Inertia and 
Radii of Gyration. 

Two 

Cover 

Plates. 

Total 

Area. 

Moments of Inertia and 

Radii of Gyration. 

Axis A-A. 

Axis B-B. 

Axis A-A. 

Axis B-B. 1 

Ia 

ta 

Ib 

Tb 

’a 1 

r\ 

Id 

rn 

In. 

In. 

In. 

In.« 

ln.< 

In. 

In.^ 

In. 

In. 

In.* 

In.* 

In. 

In.* 

In. 

lOxf 

4 * 3 *i 

IOx| 

21.17 

459 

4.62 

100 

2.17 

lOxi 

23.67 

540 

4.73 

I 2 I 

2.26 

<< 

i 

“ i 

26.7s 

598 

4-73 

134 

2.24 

“ i 

29.25 

682 

5.16 

154 

2.46 

loxj 


I 2 X| 

26.20 

556 

4.60 

181 

2.63 

I2X^ 

29.20 

653 

4-73 

217 

2.73 

** 

“ i 

“ i 

33.00 

723 

4.68 

242 

2.71 

“ 1 

36.00 

824 

4.78 

278 

2.78 

I2X| 

5X3UI 

I 2 X| 

25.70 

794 

531 

179 

2.64 

I2xJ 

28.70 

929 

5.09 

215 

2.74 


“ h 

“ 1 

32.50 

1034 

5.66 

239 

2.71 

“ i 

35-50 

1173 

5-75 

275 

2.78 

I2.xi 


“ i 

34.00 

1052 

5-59 

242 

2.67 


37 .(^ 

I I9I 

5.68 

278 

2.74 

it 

“ i 

“ i 

40.68 

1290 

.5-63 

303 

2-73 

“ i 

43.68 

1387 

5.64 

339 

2.78 

12X1 

6x4x1 

Uxi 

29.44 

916 

5.58 

291 

314 

I 4 xi 

32.94 

1073 

5-71 

348 

3.25 


“ i 


37.50 

1197 

5.65 

388 

3.22 

“ i 

41.00 

1360 

5-76 

446 

3.29 

I2X^ 

6x4x2 


3900 

1215 

5.58 

394 

3.18 

“ i 

42.50 

1378 

s-69 

451 

3.26 


“ f 

44 1 , 

4694 

1496 

5-64 

492 

3-24 

n 1 

4 

50.44 

1664 

5-75 

549 

3-30 

< 4*1 

6x4*1 

I 4 x| 

30.19 

1261 

6.46 

291 

3.10 

I 4 xi 

33.69 

1469 

6.60 

348 

3.21 

** 

“ i 

“ i 

38.25 

1644 

6.5s 

388 

3.19 

“ i 

41-75 

1857 

6.67 

446 

3-27 

I4X^ 

6x4x1 

“ i 

40.00 

1672 

6.46 

394 

314 

“ 1 

43-50 

1885 

6.58 

451 

3.22 


n 5 

i 

44 j 

8 

47-94 

2052 

6.54 

492 

3.20 

44 J 

51-44 

2263 

6.63 

549 

3.26 

I 4 x| 

6x4x 1 

1 

49.69 

2081 

6,47 

499 

3.17 

" 1 

53-19 

2292 

6.57 

556 

3-23 


“ i 

56.69 

2529 

6.68 

613 

3.29 

‘‘ I 

60.19 

2764 

6.74 

671 

3-34 

“ 

ii 

\ 

If 

63.69 

3006 

6.87 

728 

3-38 

“ li 

67.19 

325s 

6.96 

78s 

3.42 ! 


ii ! 

44 3 

* 8 

70.69 

3512 

7.05 

842 

3-45 

“ li 

74-19 

3776 

7-13 

899 

3-48 



li 

77-69 

4048 

7.22 

956 

3*51 

44 ja 

81.19 

4327 

7-30 

1014 

3-53 

ti 


“ i| 

84.69 

461s 

7.38 

1071 

356 

“ 2 

88.19 

4910 

7-46 

1128 

3-58 



“ 2i 

91.69 

5214 

7.54 

1185 

3.60 

“ 2 \ 

95.19 

5525 

7.62 

1242 

3.62 

« 


“ 2 'i 

98.69 

5846 

7.69 

1299 

3 63 

1 “ 2I 102.19 

6175 

7-77 

1356 

3-64 


The above table is intended to serve only as a guide in the choice of sections and not as a com- 
plete table. The properties of other sections may be found as follows: 

Example: Required the properties of a section composed of 4 /i 5" X 3i" X 
out. 111 " back to back, one web plate 12" X and two flange plates 12" X i''. 






TABLE 71 . 

Properties of Four Angles and Two Plates, Laced. 


Properties of 
Four Angles and 
Two Plates. 
.Laced. 

Angles Turned Out 
and 

Angles Turned In. 



b = Width, Back to Back 
of Angles, for Equal 
Moments of Inertia 
about Axes A-A and B-B 
with Angles Turned Out. 

c =» Same as b, but 
with Angles Turned in. 

= Depth of Web Plates -f J" 


Series 3. 


3 a 

|S 

”1 
.2 2 

8 

5 'bi 


*2 rt 

c-n 
u tl 

0 s 

oJ2 

•0 s 


0 H 

0^ 

A 

I 

; r 

b 1 c 

A 

I 

In.* 

In* 

In. 

In. 1 In. 

In.* 

In* 

8"xi" 

Web Plates. 

8"x 

8 ' 


Web Plates. 


In.* j In.^j In. j In. In. 
8"xi" Web Prates~ 


si SI 


In.* In.< In. 1 In. In. 


' Web Plates. 


xi 8.761 83|3.o8|5.t 6.7 
i 10.92 109,3.16 5.3 7.0 

i 13.00 132 3.19 5.2 7.3 

xj 9.76 93 3 09 S-I 6.8 
i 12.4+ 123 3.15 5.0 7.1 
i iS-oo 151 3.17 4.8 7.4 

x| 13.92 1373.14 4.6 7.3 
J i7.00|I68|3.is 4.5 7.5 

_ f 19.92,19613.15 4.3 7.7 

lo"xi" Web Plates. 

xl 9.76^142 3.82 6.4 7.5 
I ii.92^i85’3.94 6.6 8.1 
I I4.ooj224'4.oo 6.9 8.8 

x} 10.76' 159; 3. 84 6.7 8.3 

i 13.44I209 3.94 6.7 8.7 

J 16.00^ 256^4.00 6.6 9.0 

x} 14.92:23213.94 6.4 8.9 

i 18.00 285 3.98 6.2 9.1 

I 20.921333*3-99 6.0 9.3 

I2"xi" Web Plates. 

ixj 10.76 220 4.52 |8.4 9.4 

8 12.92 288 4.72 8.5 9.9 
15.00^343 4.78 8.6 10.3 

\x\ 11.76 2464.57 8.3 9.7 

I 14.44 3224.72 8.2 10.2 
i 17.00^392^4.80 8.2 10.6 

txf 4.73 8.0 10.4 

J 19.00I437 4.80 8.0 10.7 
121.925124.83 7.9 II.O 

^1 I7.44'388 4.72 77 lo *; 
4 21.00 480 4.78 7.7 10.8 
I 24.44 563 4.80 7.6 ii.i 


10.76 94 2.9*; 5-3 6.3 12.76 105 2.87 :5.4 5.8 14.76 ii 5,279;5-3 54 

12.921193.0415.3 6.614.921302.95 5.4 6.1 16.92 141I2.89I5.2 5.8 

15.00 143 J.09 5.2 6.9 17.00,154 3.01 I5.3 6.5 19.00 i65j2.95'5.2 6.1 

I I I i I 

11.76 104I2.97 5.1 6.413.761152.89 5.1 6.015.76126 2.83 5.1 5.6 

14.44 134'3*05 5-0 6.7 16.44145 2.97 5.0 6.4 18.44 156 2.91I5.0 6.0 

17.00 162,3.09 4.9 7.0 19.00 173 3.02 4.9 6.7 21.00 184 2.96! 5.0 6.3 

I I i I i <1 

15.92 148|3.05 4.7 6.9 17.92 15912.98 j4.7 6.6 19.92 170 2.92 4.8 6.2 

19.00 179 3.07 4.6 7.2 21.00 190 3.01 4.5 6.9 23.00 20i’2.96|4.6 6.5 

21.92 20 7,3 .08 4.4 7.4 23.92 21 8 3.0 2 14.3 7.1 25.9 2 229.2.974. 4 6.8 

io"xi" Web Plates. Web Plates. io''x|" Web Plates. | 

12 26 162 3.63 6.5 7.3 14.76 183 3.52 j6.6 7.0 17.26 204 3.44 6.8 6.7 I 

14.42|205 3.77 6.7 7.8 16.92 226 3.66 ;6.7 7.5 19.42,247 3*56 6.8 7.1 

16.50,2444.85 6.9 8.4 19.00 265:3.73 ,6.8 8.0 21.50,286 3.65 6.8 7.5 

I Ml 

i3.26ji79'3.68 I6.7 7.815.76:20013.56^6.7 7.4 18.26 221 3.486.7 6.9 
15.94 229 'j. 79 |6.7 8.2 18.44^250 3.67 i6.6 7.820.94,2713.606.67.3 

18.50,276:3.86 6.6 8.621.0029713.7616.6 8.1 23.50,318 3.68|6.6 7.7 

17.42L52j3.80 6.5 8.5 19.92L73 370 6.4 8.0 22.42j294L.62 6.4 7.5 

20.50 305 3.86 16.3 8.7 23.00 326I3.76 j6.3 8.3 25.50 347 3.69 6.3 7.8 

2342 3 53l3»88 16.1 8.9 25.92 37413.78 .6.2 8.5 28.42. 395 3.726.2 8.1 

I2"xj" Web Plates. I2''xj" Web Plates. I2"x|" Web Plates. 

13.7625614.32 8.3 ^ i6.76|292'4.i7 |8.2 I 8.5 19.76.328 4.088.2 8.0 

15.92 324'4.5i 8.4 9.418.92360 4.36,8.31 8.921.92 3964.258.3 8.4 
18.00379,4.59 8.5 9.821.00,415 4.45 8.4. 9.324.00 4514.348.3 8.8 


14.76282 4.378.2 9.3 17.76I318 4.23 8.1 8.8 20.76 354' 4.13 8.0 8.3 

17.44 358I4.53 8.2 9-7 20.44' 394 4-39 8.1 9-2 23.44'430 4.28 8.1 8.7 

20.00428 4.63 8.2 10. 1 23.0014644.49 8.2 9.626.00,5004.398.2 9.0 

18.92 392 4 -S 5 7-9 9-9 21. 921428 4-42 7-9 9-4 24-92l464^ 4-31 8-0 8.9 

22.00473 4.64 7.9 10.2 25.00:509 4.51 7.9 9.7 28.00 545 4.41 8.0 9.2 

24.92 S48|4-69 7-9 «o.6 27.92j584 4.57 7.9 lo.i 30.92 620,4.48 7.9 9.6 

20.44 424 4 58 7-7 10.0 23.44'46o 4.43 7.7 9.4 26.44 496I4.33 7.7 9.0 

24.003164.64 7.6 10.3 27.00 532 4.53 7.6 9.8 30.00 588,4.43 7-6 9-3 

27.44 S99:4-67 7-5 10-6 30.44j63 5 4-57 7-5 lo.i 33-44 671 4-5* 7-5 9-7 
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TABLE 71 . — Continued, 


Properties of Four Angles and Two Plates, Laced. 


Properties of 
Four Angles and 
Two Plates, 
Laced. 

Angles Turned Out 
and 

Angles Turned In. 



b - Width, Back to Back 
of Angles, for Equal 
Moments of Inertia 
about Axes A-A and B-B 
when Angles Are Turned Out. 
c *= Same as b with Angles 
Turned In. 

d - Depth of Web Plates + 


Series 
I. 2 , 3 
and 4. 


Size of 
Angles. 


In. 




(< 1 
1 

“ i 
4x4x1 


Series i. 


B 2 

O x. 


c -3 

Cl u 
O « 


I 


^2, 


\ 

9 'i 


In.* 1 In.< In. : In. In. 


14" X r Web Plates. 


4143.05 9.6 10.3 ig.76 
, 5203-24 9-7,10.922.44 
21.30 620,5.37 9.8 H.4 25.00 


16.26 

18.94 


20.42 570 5.28, 9.611.1 
68 , ^ ' 
791 '5-47; 9-6,12.1 


I 23.50! 6835.40; 9.611.1 
i 26.42 


23.92 
■.ooj 

29.92 


,627 


4x4xi|2i.94| 616 5.30! 9.3' 1 1 
i| 25 -SOj 747,5411 9 - 3 !n 
■ 28.94! 86715.47 9.2 12. 1 


425-44 

8|29.oo1 

32.44 


i 6 " 3 ci" Web Plates. 


25.92! 873^5.8011.012.0! 
_ 29.00 1028,5.96 1 1. 1 12., 
Ih 1.924 172 6.06 1 1. 1 12. 


.,27.44 937,5-84 10-9 12.1 
i 31.00 1113,5.99 10.9 12.5 

J 34.44 1276 6.09 10.9 13.0 


6x6xS 

" i 


33-44 

‘49-76 


3Jx^|x 

H 

“ i 

U J 

6x6xi 


1165 5.90; 9.8,12 
1413,6.02; 9-743-2: 
1647,6.09 9-6 13-'^ 


18676.12; 9.544.0 


18" xi" Web Plates. 


I 27.924171 0.49 12.413. 2 
I 31.00 1373 6.^ 12.6 13.7 
133.92:15616.78,12.714.2 


I 33.00448516.71 12.5 14.0I 
{ 36.44 169916.82 12.6 14.5 


4i.00'i884!6.78|ii.5 14.8 
46.44219116.8741.3 15.2 


Series 2. 


1 i 


; • 


O.C 






r I b 


In.* , In.< . In. In. In. 


14" X Y' Web Plates. 


Series 3- 




So 


S 

5 m 


i.< ; In. In. 1 In. 


In.* 


14" X cb Plates. 


Total 

Area. 

Moment 
of Inertia. 

A 

I 

In.* 

In* 


471^.89; 9.6| 10.0 23.26] 

577 . 5 - 07 | 9-7:10.425.94 
677.5.20 9.8jio.8 28.50j 

627^5.12 9.6^10.627.42 
742,5.25; 9.6 1 1. 1 30.50; 

848.5- 32; 9-6,11.633.42 


673 5 - 15 , 
804 5.26 

924:5-34 


9-3 JO- 9128.94 


528 ; 4 . 77 ' 

634.4- 94 

734.5- 07 

6844-991 

7995.12 


9 - 5 | 9-5126.76! 
29.44 
32.001 


9.61 9.9I 
9-7 10.3 


9.3 11.3 
9-2 11.7I 


32.50 

35-94 


16" X I" Web Plates. 


29.92' 9595.6641.011.5! 
4133.00 1114 5.81I11.041.9I 
835.92 12585.92 II. i;i2.3 


33.92 1044 5.53 10.9 II.O| 
37.00 1199 5.69 II.O II. 

39.92 1343 5.80 II.O II 


31.44 1023 5.71 10.9 II 
35.00 1199 5.85;io.942.2j 
38.44' 1362 5.96' 10.9! 12.6 


8 |) 7-44 1*51 5-78 
43.00 14995.91 
6 | 48 . 44 'i 733 5 - 98 ] 
53.7619536.03 


9 - 8 | 

9 - 7 , 

9-6 


7I35.44 1108 5.60 10.911. 
39.00 1284 5.74 10.9 Il.i 
42.44 1447 5.84 10.8,12.1 


12 

12.81 

13.2! 


9-5 13-6 


4 41-44 13365.68! 

'' 47.00; 1 5 84 5.81! 
52.44;i8i8 5.89! 


18" xi" Web Plates. 


32.42 1293 6.32' 12.4' 12 
35.501495 6.49 -.2.5' 13.3 
38.42 1683 6.61 12.6 13.7 


I 1 


* 9-44 1*56,6.53 12.4 13.5I33.94 137P 6.38 I 2 . 2 ;i 2 . 9 l 38 . 44 |l 499 ! 

42.00 1728 
45.44 1942 


37.50 i6'j7;6.55 12.3 13.4 
40.94 ’821 6.67 12.4 13.9 


45 50 20066.64 1 1.5 14.31 
50.94 *313 6.74 1 1.3; 1 4.: 


51.76 248216.92 II. 21 15. j 56.26 2604I6.80 II.2 I5.I 
I56.92I2762 6.96 ix.i|i 5.2 61.42 2884 6.85 II. X 15. 


9.5 10.2 
9.5! 10.61 
90515 . 20 : 9 - 5 , 11-0 


30.92 

34.001 

36.92’ 


7305.02! 9.4; 10. 
86 i| 5 .i 5 | 9-3 jo.! 
981.5.23 9-3 JJ-2 


53 


8I36, 
39 -V 4 


16" X Web Plates. 


57.7612038,5.941 9.6^13.. 


18" xl" Web Plates. 


8|36.92'i4i4!6.i9 12.512. 


I40.00; 1616(6.36 12.5; 12.9l44.50l1738l6.25' 12.4 
47.42 192616.38112.4 


42.92,18041 


6.48 12.5,13.2 

6.25 I2.2!i2.6 
6.42’ 12.3 13.0 
6.541 12.4! 13.4 


5o.oo:2i27!6.53lii.5 13.8 
11.314-2 
11.3 14 


7 | 55 - 44 : 2434 i 6.63 

6.69 
6-74 


60.76,2725 

565.923005 


II. 2 |I 5 . 0 | 


Series 4. 


5 o' 


Xi « 

Pm 


r I b c 

In. ! In. In. 


14" X Web Plates. 


2.44 

,001 


5854-67 

6914.84! 
79 J 4-97 

7414-^9 

85615.02 
962 5.10 


9-6 

9.6 

9-6 

9-5 

9-5 

9-5 


787,4.93! 9-4 
91815.05, 9.4 
103815.13, 9.3 


9-0 

9-5 

10.0 

9.8 

10. 1 
10.5 

lO.O 

10.4 

10.8 


16" X J" Web Plates. 


37.92 1129 5.46 10.9 10.5 

5141.0012845.6010.9 II.O 

9 43 92 1428 5.70 II.O 11.5 


5 39-44 1193 S-SO 10.8, II. I 
8|43.oo 1369 5.64 10.8, 1 1.4 
46.44 15325.74 10.8 11.7 


9.9112.1 45.44! i42i'5.6o 10.2 
9.8 12.6 51.00 1669 5.72 lO.I 
9 - 7 |j 3 -o 56 . 44 'i 903 l 5 . 8 i|io.o| 
461.76 2123 5.87 9.9I 


11.6 
12. 1 
12.5 
12.9 


18" xT Web Plates. 


5 | 4 i- 42 'i 536 i 6 . 09 |i 2 . 4 | 


,42.94:1621 
146.50118501 
49.94 2064I 


54-50 

. 59-94 

6I65.26 

70,42 


2249 ! 

*ss6 

*847 

}i* 7 | 


6.14 12. 1 
6.31 12.2 
6.43 12.3 


16.43 

6 - 33 , 

16.59 

6.66 


11-4 

11-41 

11.3 

II.2I 


12. 1 

12.4 
12.7 

12. 1 

12.5 

X2.9 

13-3 

13 - 7 

14.1 

1 4 - S 
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TABLE 71. — Continued, 

Properties of Four Angles and Two Plates, Laced. 


Properties of 
Four Angles and 
Two Plates, 
Laced. 

Angles Turned Out 
and 

Angles Turned In. 




b = Width, Back to Back 
of Angles for Equal 
Moments of Inertia 
about Axes A-A and B~B 
with Angles Turned Out. 

c = Same as b, but 
with Angles Turned In. 

- Depth of Web Plates + i" 


Series 4* 


1-3 


a F w 

(2^ |5 


b. to b. 
Angles. 

Total 

Area. 

Moment 
of Inertia. 

Radius of 
Gyration. 

“1 

Total 

Area. 

Moment 
of Inertia. 

Radius of 
Gyration. 

b. to b. 
Angies. 

Total 

Area. 

Radius of 
Gyration. 

b. to b. 
Angles. 

1 ^ 

A 

I 

r 

b 

c 

A 

I 

r 

b 

c 

A 

r ! b c 

1 . ' In. 

In.2 

In.* 

In. 

In. 

In. 

In.* 

In* 

In. 

In. 

In. 

In.* 

' In. In. In. 


20"x.i" Web Plates. 20"xS" Web Plates. 

x| 29.92 'i 525'7.I4N3-^ U-S 34-92't69i'6.96'i3-7'i40 
i 33.00 1779 7 - 34 'i 4 0 >5 0 38 00 1945 7.15 13.9 14.5 
» 35.92 2017 7.5o;i4.2 15.640.92 2183 7.3I1I4.0 15.0 


20"xr' Web Plates. 2o''xi" Web Plates. 

39.92'i858 6.83'i3.6 13.5 44.92'6.72! 13.5 13.0 
43.CX5 2112 7.02 13.8 14.0 48.00 6.90I13.6 13.5 
45.92 23507.15 13.9 14.5 50.92 7 . 03 ' 13.7 14.0 


4x4x1 31.44 1634 7-21 137 14-8 36.447800 7.03 '13. 6 14.2 41.44 1967 6.8913.6, 13.8 46.44l6.78 13. 5I13.3 

“ 5 35.00 1923 7.41113.9 15.4 40.00 2089 7.2313.8 14.8 45.002256 7.08 13.7 14.3 50.00^6.96 13.6 13.8 

“ I 38.44 2194 7.58!i4-IiI6.o 43.44.2360 7.37,I3-9I5-3 48-44 2527,7-23 i3-9I4-8 53-M 7-1013.7 14-2 


6x6xi 43.00 2436 7.53 13. 1 16.2 48.007602 7.36 13.2 15.6 53.00 2769 7.23I13.3. 15.2 58.00 7.12 13.4 14.2 
“ I 48.44 2828 7.64' 13.176.6 53,44 2994 7-49 , i3-»'i6.i 58.44 3161 7.36 13.2 15.6 63.44i7.24 13.3 14.7 

“ I 53.7613202 7.7273.077.0 58.76 336a 7.57 13.0 16.5 63.76 3535,7.4573.1 16.0 68.76 7.3473.1 15.2 

_ I 58.92i356i ; 7.79: i2.9'i7.4 63.92 :37277.64 1 2.9.16.9 68.9 2 3894.7.52.1 2 .9 16.4 73.9 2:7.42 I2.9'i5.7 

22 "x|" Web Plates. 22"xj" Web Plates. 22"xJ" Web Plates. 22"xi" Web Plates. 

3b32xg 3^42 2161 7.60 15.0 15.2 42.92 2383 7.45 14.914.8 48.42126057.34 14.914-3 53-92 7.24 14.873-9 

“ i 40.50 24737.82 15.3 1^46-002695 7.68 15.2 15.3 51.50I29177.53 15-1,14.8 57.007.43 15.0 14-4 

“ 143.42^2766:7.98 15.5 16.248.92^29887.82 15.4^15.8 54.42j32iO|7.67T5.3^i5.3 59.927.57^15.214.9 

4x4x3 38.94L296i7.68 15.0 15.5 44.44 2518 7.54 15.075.2 49-94^740 7.41 I5-I H-S 55.44^-30 15-I 

“ I 42.50 2652'7.9o’i5. 376.1 48.0028747.74 15.2 15 7 53-5030967.61 15-2 15.3 59-007.5115-114-7 

“ i 45-94:2988,8.0775.676.7 5i.44 32i0 7.907S.476.2 56.94 3432 7.7675.315-7 62.44 7.65 15.1 i 5-3 


6x6xj 50.50 329s 8.0S I4.6 ’i7.o 56.0035177.93 14.6 16.5 
“ I S5.94'3783i8.22 14.6 17.4 61.44 4005 8.08 14.6 16.9 
“ I 61. 261424918.33 14.6,17.966.764471 8.19 14.677.4 
** 1 66.42!4698l8.42 14.6 18.3 71.92 4920 8.27 14.6 17.8 

24"xi" Web Plates. 24"xr' Web Plates. 

4x4x3 41.44 2870 8.32 i6.4|i6.7 47.44 3158 8.16 16.3 16.3 
“ I 45.00 3300 8.56 16.6 17.3 51.00 3588^8.47 16.5 16.9 

“ I 48.44 3707|8.75 16.8 17.9 54 - 44.3995 8-57 i 6 . 7 |i 7-4 

6x6xJ 53.00 4089 8.79' 16.2 18.4 59.004377 8.62 16.1 17.9 
“ I 58.44 4684 8.96 16.2 18.964.44 4972 8.79 16.178.4 
“ ! 63.76 5253 9.o8|i6.2 19.3 69.76 5541 8.92 16.2 18.9 

“ I 68.92 5802 9.1876.2 19.8 74.92 60^,9.02 16.279.3 


61.50 3739 7.80 14.6 16.1 
66.94 4227 7-93 14-6 16.5 
72.26 4693 8.05 14.6 16.9 
77.425 1 42 8.1 574.6 774 

24"xJ" Web Plates. 

53.44 3446 8.03I16.1 16.0 

57.00 3876 8.25 16.4 16.5 

60.44 4283 |8.42| 16.6 16.9 

65.00 4665 8.4776.0 17.4 

70.44 5260 8.64 16.0 17.9 
75.76 5829 8.77 16.1 18.3 
80.92 6378 8.88 16.178.8 


67.00 7.69' 14.675.6 
72.44 7.83 14.676.0 

77.76 7.9674.676.5 
82.92 8.04’i4.5'i6.9 

24"xi" Web Plates. 

59.44!7.93ii6.o| 15.6 

63.00 8.14 16.3 16.0 
66.44|8.3oji6.5 16.4 

71.00 8.3676.0 16.9 

76.448.53:16.077.4 

81.76 8.6676.1 17.8 

86.92.8.76 16.1 18.3 j 


8x8xJ 61.00 4772 8.8575.3 19.067.00 5060' 8.69 15.3 
“ f 68.44 5537,8.98,15-219-6 74-44 5825 8.8575.2 19.1 
** 1 75.70 6268 9.ii'i5.i'20.i 81.7665568.9675.179.6 

“ J 82.92 6976 9.167 5.o'20.5 88.92 7264 9.0475.0 19.9 

“ 1 90.00 7653:9.22 I4.9j20.8 96.00 7941 9.10 14.9 20.2 


73.0053488.5675.3 18.0 79.00 8.4s|is. 3 17.5 
80.446113 8.72 15.2 18.6 86.44:8.60 15.3 18.0 
87.76,6844 8.8415.1 19.1 93-76:8.72|1S.3 18.5 
94.92 7552 8.93 15.0 19.4 100.92i8.82 15.2 19.0 
102 , 00,8229 8 . 9974 . 979.7 IO 8 .OOj 8 . 89 l 15.2 19.5 
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Angles. 


TABLE 71. — Continued. 

Properties of Four Angles and Two Plates, Laceix 



In.* In.< In. In. In In.* In.* In. In. In. I In.* In. | In. , In. I In.* In. ) In. In. 


26" X I" Web Plates. 


43-94' 3526 8.9617.718.0 

47.50 4039 9.23 18.0 18.6 
50.94, 4523 9.42 18.2^19.2 
55.50I 4990 9.48 17.7' *9-7 
60.94 5702 9.68 17.8 20.2 

66.26 6385 9.82 17.8 20.8 
71.42! 7043 9.94 17-9 21.3 
63-50 5818 9.58 16.8 20.5 
70.94' 6737 9.7516.821.0 

78.26 7617, 9.88 16.8 21.6 
85.42’ 8471' 9.9616.7 22.0 

92.50 9289 10.02 16.6 22.3 

28"xi" Web Plates. 


'xi" Web Plates. 


: 3892 8.7917.617.6 56.94 
4405 9.05 17.8 18. 1 60.50 
j 4889 9.2318.1:18.7 63.94 
5356' 9.29 17.7I19.2 68.50 
: 6068 9.4917.719.7 73.94: 

: 6751 9.6417.8120.2 79.26 
1 7409^ 9.76 17.9 20.8 84.42 
: 6184 9.40 16.8I20.0 76.50' 

’ 7103, 9.58 16.8I20.4 83.94! 

! 7983 9.71 16.720.9 91.261 
i 8837 9.81 16.621.4 98.42 
I 9655 9.88 16.6 21-9 105.50! 

'xT Web Plates. 28"'77 


I L__„_J ! ! ‘ 

26" X J" Web Plates. 26" x i" Web Plates. 


8.63|i7.5'i7.i 63.44 
8.88 17.7 174' 67.00 
9.07! 1 8.0, 1 8^2 70.44 
9.15 17.6I18.7 75.00 
9.34 17.6:19.2 80.44 
9.4717.7:19.7 85.76 
9.6017.8,20.2 90.92 

9.2616.819.4 83.00 
9.4416.819.9 90.44 

9.5616.720.4 97.76 
9.67 16.6 20.9 104.92 
9.76 16.6 21.4 112.00 


8.54 17.4 16.6 
8.76 17.6 17.1 
8.94 17.9 17.7 
9.02 17.5 18.1 
9.20 17.5 18.6 
9.34 17.6 19.1 
9.46 17.7 19.6 
9.13 16.8 18.8 
9.32 16.8 19.3 
9.45 16.7 19.8 
9.56 i6.6j20.3 
9.64 16.620 .8 

" Web Plates. 



28" X J" Web Plates. 28" x i" Web Plates. 28"x ij" Web Plates. 

60.44 5185 9.27' i8.8j 18.4 67.44! 9-15 *8.7 'i7.8 74.44 9.0518.6! 17.4 

64.00 5786 9.51! 19.0^ 18.9 71.00 9.3819.018.3 78.00*" 9.27 18.9 18.0 

67-44 6355 9.71:19.319.5 74.441 9.57 i9.2| 18.9 81.44 9-4Sji9-i|i8.5 

72.00 6915 9.8i|i8.9 19.9 79.00 9.6618.919.5 86.00 9.5518.819.0 

77-44 775610.0119.020.4 84.44! 9.8719.0 20.0 91.44' 9.7418.919.5 

82.76 8563 10.21 19.1 21.0 89.7610.0319.120.5 96.76 9.90^19.0 20.0 

87.92 9342 10.31 19.2 21.5 94.92I10.16 19.2 21.0 101.92 10.03:19.1 20.5 

80.00 7904 9.94! 18.3 20.7 87.00I 9.81 18.4*20.2 94.00* 9.69 18.4 19.7 

87.44 8993 10.141 18.3 21.2 94-4410.00:18.4 20.7 101.44' 9.90 1 8.4' 20.3 

94.76 10036 10.301 18.3 21.7 101. 76|I0.I5 18.4:21.2 108.76 10.03 18.4I20.9 
101.92 11051 10.42118.3 22.2 io8.92!io. 27 18.4 21.7 u5.92l10.06 18.4 21.3 
109.00 12025I10.50I18.4 22.8 116.00! 10.371 18.4 22.3 12 3.00 io.25|i8.4!2i.8 

30" X J" Web Plates. 30" x i" Web Plates. 3o"x i J" Web Plates. 

63.94 6233I 9.88'20.o 19.5 71.44 9.76120.019.0 78.94! 9.56' 19.9* 18.6 

67.50 6930: 10. 12’ 20.4 20.0 75.0010.00 20.319.6 82.50 9.89*20.2 19.2 

70-94 759010.3520.720.5 78.4410.20 20.5 20.2 85.94 I o.o6| 20.4 19.7 

75.50 825310.4620.421.2 83.0010.30 20.3*20.8 90.5010.18 20.220.3 

80.94 9233! 10.68 20.6 21.8 88.4410.5120.5 21.4 95.9410.40 20.420.8 

86.26 10176 10.86 20.7 22.3 93.76 10.70 20.6 21.9 101.26 10.56 20.5 21.4 

91.42 11085 11.02 20.9 22.9 98.92 10.85 20.8,22.5 106.42 10.71 20.7 21.9 

83.50 9420 10.62 20.0 22.0 91.00 10.46 19.8 21.5 98.50 10.35 ^9-9 2*-* 

90.94 10^2 10.85 20.1 22.5 98.44 10.70 19.8|22X) 105.94 10.56 

98.26 11915 11.02 20.2 23.1 105.76 10.85 19-8,22.6 113.26 10.73 20.1 22.4 

105.42 1 3 104 1 1. 15 20.2 23.6 112.92 11.00 19.9'23.I 120.42 10.90 20.1 22.9 

112.50 14248 11.25 20.2 24.2 120.00 11.11 19.9 23.7 127.50 10.98 20.1 23.4 
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TABLE 71. — Continued, 

Properties of Four Angles and Two Plates, Laced. 



59.44 C725 10.65 2i.4!2r.i 67 

63.00 7525 10.94 21. 8;2I. 8 71 

66.44 |8284jii.i6 22.ij22.4 74 

71.00 9058111.30 21.8123.0 79 

76.44 10189! 11.55 22.0 23.6 84 
81.76 1 1277I11.75 22.2 24.2 

86.92 12328 11.90 22.4 24.8 

79.00 10419 11.50 21.3 23.9 

86.44 11890 11.74 21.4 24.6 
9376 13305 11.92 21.625.3 

100.92! 14683 12.06 21.6 25.8 
108.0016011 12.1821.626.2 


62.44! 7899111.25 22.6|22. 2 
66.00; 88091 11.55 23.0 22.9 
69.44; 9673|"-8o 23.4 23.7 
74.001 10568! 1 1.9s 23.224.3 
79.44111860^12.23 23.4 24.9 
84.761 13 105 12.45 237 25.6 

89.92 14307 12.63 23.9 26.2 

82.00 12138 12.16 22.8 25.2 

89.44 13823 12.44 22.9 25.9 
96.76 15447 12.65 23.1 26.7 

103.92 17027 12.81 23.1 27.2 
m. 00! 18554 12.97 23.2 27.7 

36 "x}" Web Plates. 

65.44 9199 11-85 23 - 9 ' 23-4 

69.00 10225 12.18 24.3|24.i 

72.44 11201 12.45 247|24-9 

77.00 12227 12.60 24.6 25.5 

82.44 13690 12.85 24.8 26.2 
87.76 15I02II3.I2 25.II26.8 
92.92 16466.13.32 25.3 27.5 
85.00 14022 12.85 24.3 26.5 
92-44 159351 1314 24-5 27.3 
99.7617782,13.36 24.7,28.1 

106.92 19580 13.55 24.7 28.6 
114.0021318,13.69 24.8 29.1 
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TABLE 72. 

Properties of Four Angles and Four Plates. 



Edtres of Angles Flush with 
Edges of Cover Plates, 
d = Depth of Web Plates Plus 


Total Area. 

I Axis 

\-A. 

j Axis B-B. 


Axis ; 

Moment of 
inerua. 

Radius of 
Gyration. 

Moment of 
Inertia. 

Radius of 
Gyration. 

Total Are. 

Moment of 
Inertia. 

A 

>A 



*■0 

A 

1 

In.2 

In.-* 

In. 

In.4 

In, 

In.2 

In.4 1 

12 ' 

'X J" 

Web Plate 

S, 

12 ' 

' X 1 " 

28.26 

753 ’ 

5.16 

481 

4-13 

31.26 

7^9 1 

31.76 

910 

5-35 

538 

4.12 

34.76 

946 

35.26 

>073 1 

5-52 

595 

4.U 

38.26 

1 109 ' 

30.94 

829 ! 

5.18 

550 

4.22 

33-94 

865 

34-44 

986 ‘ 

5-35 

607 4.19 

37-44 

1022 

37-94 

1149, 

5-53 

664 4.18 

40.94 

1185 

33-92 

926 : 

5.22 

786 ' 4.81 

36.92 

962 

37.92 

1105 ’ 

5-40 

871 

4-79 

40.92 

II 4 I * 

41.92 

1290 j 

5-55 

956 4-78 

44-92 

1326 

37.00 

1007 , 

5.22 

8(/d 

4.91 

40.00 

1043 1 

41.00 

1186 : 5.38 

975 

4.88 

44.00 

1222 ! 

45.00 

137 * ! 

5 - 5^1 

1060 4 . 86 ; 

48.00 

1407 ' 


o c O . 

O 4-. rt 

.2'^ ' S t 

I P; 


14" X i" Web Plates. 


37.42 i374j6.o6 1183 5.62 40.92; 

41.92 1640 6.26 1304 5.58 45.42 

46.42 1914 '6.42 1426 5.54 49.92 

40.50 1489 6.07 1325 5.7244.00 

45-00 1755 '6.30 1446 5.67 48.50 

49.50 202916.41 1568 5.63 53.00, 

38.94 141516.03 11305.3942.44' 

43.44 i 686|6.23 1251 5.3746.94 

47.94 i96oj6.42 1373 5.35 51.44 

42.50 1551 !6.04 1276 5.48 46.00 

47.00 1817 6.22 1397 5.45 50.50 

5 i. 50 _ 209 i 16 . 3 ^ 15 19 5;.41 55-00 

16" X Web Plates. ' 16" 

45.92 2319 7.11 1863 ^6.37 49.92 

50.92 2707 7.29 2030 16.32 54.92 

55.92 3107 7.46 2196 6.27 59.92 

49.00 2474 7. 1 1 2050 6.47 53.00 

54.00 2862 7.28 2217 6.41 58.00; 

59.00 3262 7.44 2383 6.3s 63.00, 

47.44 2383 7.09 1797 6.16 51.44 1 

52.44 2771 7.27 1964 6.12 56.44, 

57.44 3171 7.43 2130 6.09 61.44 

51.00 2559 7.09 1992 6.25 55.00 

56.00 2947 7.26 2158 16.21 60.00 

61.00 3347 7.41 2325 6.19 65.00 


»'B 

In.^ In. 


-6 789 5.02! 516 '4.06 

76 ; 946 5.221 573 '4-06 

26 1109I5.39 ; 630 4.06 

34 86s 5-05! 585 ; 4 -I 5 

14 1022 5.23 1 642 4.14 

?4 ii8s 5-38. 699 j 4 .i 3 
32 962 5.10' 833 I4.75 

:)1 1141 '5.28 918 4.73 

:)2 1326 5.43 1003 4.72 

DO 1043 I5.11 936 4.84 

DO 1222 15.27 1022 4.82 

x> 1407 *5 .41 1 107 '4.81 

14" X r Web Plates. 

92; 1431 5.91 1268 5.57 

42 1697 6.12 1390 5.54 

92 1971 6.28 1511 5.51 

00 1546 5.93 1410 5.66 

50 1812 6.12 1532 5.62 

00,2086 6.28 1653 5.60 
44’ 1473 '5.89 1198 5.33 

94 1743 6.10 1320 5.30 

44 2017 6.26 I 1441 5.29 

00 1608 5.91 1345 5.41 

50 1874 6.09 ' 1466 5.39 
00_2 148 6.25 1588 5.38 


16" X I" Web Plates. 

)2 2405 6.94 2004 6. 
)2 2793 7.13 2171 6. 
3193 7.30 2337 6. 

DO 2560 6.95 2191 6. 
DO [ 2948 7.14 2357 6. 
X) I 3348 7-30 2524 6. 
Hi 2469 6.93 1915 6. 
H , 2857 7.12 2082 6. 
H ;3257 7-28 2249 6. 
X) 2645 6.94 2110 6. 
DO 3033 7. 1 1 2277 6. 
50 3433 7-27 2444 6. 
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TABLE 72. — Continued, 

Properties of Four Angles and Four Plates. 


Properties of 
Four Angles and 
Four Plates, 



Edges of Angles Flush with 
Edges of Cover Plates, 
d = Depth of Web Plates Plus 


Series i, 2 and 3 . 1 


Axis A-A. Axis B-I 3 . 


Axis A-A. 1 Axis B-B. 


Series 3. 



3ix3ixi 




18" X i" Web Plates. 18" X I' 

49.92 3158 7.97 2564I7.17 54.42I3279 
55.42 3686 8.15 2786 17.10 59.92 3807 

60.92 4229 8.34 3008 '7-03 65.42 4351 

53.00 3360 7.96 2802 7.27 57.50 3481 

58.50 3888 8.16 3023 7.20 63.00 14009 
64.004431 8.32 3245 7.13 68.5014553 

SI-44 3243 7-94 2484 16-9S 35-9413364 
56.94 3771 8.14 2705 ;6.89 61.4413892 
62-44 143 14 8.3212927 ,6.85 66.94 I4436, 
55.00:3472, 7.95 ^ 2734 >.06 59-50 ‘3593, 

60.50 !40oo: 8.13,29567.00 65.00 '4121 

66.00 4543' 8.30' 3178 6.94 70.50 '4665! 


18" X I" Web Plates. 


r Web Plates. 


7.76 2780 7.16 
7.98 ' 3002 7.1 1 
8.16 322417.02 
7-79 3 °i 8 17-25 
7-98 323917-17 

8.15 346 ij 7 -ii 

7.76 2669 6.91 
7.96 2891 ;6.86 
8.14 3113 '6.81 

7.77 2919 I7.01 
7.96 3 HI 6.95 
8.14 i 3363 ;6.9I 


58.92 '3401I 
64.42 3929': 

69.92 I4472I 

62.00 3603; 

67.50 4131I 
73.00,4674 
60.44 3486' 
65.94 4014: 
7144 4557 ; 

64.00 3715 

69.50 4243 
75-00 4786 


7.60 29897.13 
7.81 '3211 7.06 
8.00 ‘3432 7.01 
7.63 3226 7.22 
7-82 3-H87-1S 
8.00 7670 7.09 
7-59 28496.87 
7.80 13071,6.82 
8.00 13293 6.79 
7-62 ‘3099 6.96 
7.80 3321,6.92 
8.00 '3543 6.88 


20^' X Y' Web Plates. 


20" X i" Web Plates. 


20" X I" Web Plates. 


3 i^ 3 lx 5 


24x5 57.00: 
“ j 63.00 
“ J 69.00 
24XJ 59.92 
“ I 65.92 
“ i 71-92 
24x} 59.00 
“ I 65.00 
“ 5 71.00 
24xi 62.44 
“ I 68.44 
i 74-44 


8.83 

3717 

8.08 

62.00 

4593 

8.61 

4031 |8.o7 

9.02 

4005 

7.98 

68.00 

5293 

8.83 

431917.98 

9.22 

4293 

7.88 

74.00 

601 1 

9.01 

4607 7.89 

8.82 

3999 

8.18 

64.92 

4831 

8.62 

4313 |8-iS 

9.02 

42S7 

8.06 

70.92 

5531 

8.84 

4601 8.06 

9.22 

4575 

7.98 

76.92 

6249 

9.02 

4889 7.97 

8.80' 

3640 7.86 64.00 

4737 

8.60 

3916 '7.84 

9.01 

3928 

777 

70.00 

5437 

8.82 1 

4204 ;7.78 

9.18 1 

4216 

771 

76.00 

6155 

9.01 

4492 ;7.70 

8.80 

3952 

7.96 

67.44 

5008 

8.62 

4228 7.9,2 

9.00 

4240 

7.87 

73-44 

5708 

8.82 

4516:7.84 

9.17 

4528 

7.80 

79-44 

164261 

9.00 

4,804 17.78 


X) 4571 8.80 3640 7. 
DO 5271 9.01 3928 7. 
DO 59S8 9.IS 4216 7. 
t4 4841 8.80 3952 7. 
44 5542 9.00 4240 7. 
44 6259I 9.17 4528 7. 

22" X i" Web Plates. 


67.00 4759, 

73.00 '5460 
79.00.6178 
69-92 4997 

75.92 15698 

81.92 ^6416 

69.00 4903 

75.00 5(>04 

81.00 '6322 

72.44 ‘5174 

78.44 '5875 

84.44 6593! 


8-45 ,4337i8.04 
8.65 4625,7.96 
8-85 14913,7-89 
8.46 '4619, '8. 12 
8.67 l4907j8.04 
8.861519517.96 

8.44 41847-79 

8.65 44727-73 

8.84 4760,7.67 

8-45 ;44967-88 

8.66 [4784 7.80 

8.85 !5072 7.76 


22" X I" Web Plates. 


22" X i" Web Plates. 




3ix3ixl 


28x| 70.00 
“ I 77.00 
I 84.00 
28x| 72.92 

“ 1 79-92 

“ i 86.92 


6933 9.96 
7930 lo.is 
8949 10.32 
7226 9.96 
8223 10.15 
9242 10.31 
7112 9.9s 
8109 10.13 
9128 10.30 
7448 9.94 
8445 10.12 
9464 10.28 


6351 9-53 
6808 9.40 
7265 9.31 
6758 9.6? 
7216 9.51 
7673 9.40 
6276 9.34 

6733 9-24 

7191 9.15 
6731 9-45 
7188 9.34 
7646 9.26 


•SO 7155 9-74 
.50 8152 9.94 
.50 9171 10.13 
•42 7448 9-75 
42 8445 1 9-95 
.42 9464 10.13 

■50 7334 9-74 
•50 8331 9-94 
.50 9350 10.11 
94 7670 9-74 
94 8667 9.94 
.94 9686 10. II 


6894 19.56 

7351 9-44 
7809 9.35 
7302 9.65 

7759 9-54 

8217 9.43 

6764 9-35 
7222 ,9.25 
767919.16 
7219 9-45 
7677 9-35 
8134 19.26 


81.00 7377, 

88.00 ^8373' 
95.00:93931 

83.92 17670’ 

90.92 l8666j 

97.92 ^9686’ 

83.00 7556, 

90.00 8552, 

97.00 9572 
86.44 7892 
9344 8888 

100.44 9908 


9-55 7422,9.58 
9.76 7879,9-47 
9‘95 |8337 9-37 
9.5678309.66 
9.76 i8287;9.56 
9-95 18745 9-45 

9.55 ’7242;9-3S 
9 75 7 ^, 9.25 

10.04 ;8i57 9.17 

9.56 ; 7697 i 9.45 
9.76 |8i54 9.35 
9.96 8612 9.26 
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TABLE 73. 

Properties of Four Angles Laced and Eight Angles Battened. 


Four Angles. 


^ d ^ 

Laced (Box Column). 


Eight Angles. 
A 



Battened (Gray Column). 


Area 

of Angles, oj 

Angles. 


c-2 o fl 
41 ti 2-2 
6 2 *2 


oC ‘-is is 


S-2 Size 2 5 

'^2 of Angles. 6^ 

lAngles. 


o S c-2 

w .2 £ ti 

3 d £ 


c-2 o S o t 

w ti 2 "2 £ ti 

§1 JS E§ . 3 -, 


In.* I In. j In.* [ In. j In.* j In. 
Value of d in Inches. 


72 3-53 1 17 4-50 174 5*49 

102 3.48 167 4.4s 2495.44 

130344 214 441 3205-39 


si^Sixi 
“ i 


284 5.35 
365 5-30 
440 5.26 

14^ 

444 6.23 
575 6.19 
695 6-»4 

i8j 



In. I In.« I In. ] In.‘ 
Value of d in Inches. 


3 Jt 3 ’ti 

11.52 

183 

3*97 

251 

4.67 

3305-35 

“ 1 

16.88 

263 

3*95 

362 

4.63 

478 5-32 

“ i 

22.00 1 

338 

3.92 

466 

4.60 

616 5.29 


398 6.33 
513 6.28 
620 6.24 

16J 

596 7.22 
772 7.17 
935 7*12 
20J 


3 ix 32 xf 

“ i 


iji 

306 3.93 

394 3-89 

476 3-87 

Hi 

477 4-56 
618 4.54 
750 4-51 

18J 


419 4.59 
542 4*57 
656 4-54 

l6i 

628 5.24 
8IS 5.21 
990 5.18 

20J 


I6J 

S 53 | 5*28 

7165.25 
868 5.22 

iSj 

802 5.92 
1042 5.89 
1267 5.86 


17*44 

824 6.87 j 

1072 7.84 i 

1354 

8.81 

6x6x| 

34.88 

1180 

5.82 

1463 6.48 

1781 

7*14 

23.00 

1072 6.82 

1398 7.79 

1769 

8.76 

“ i 

46.00 

1542 

5-79 

1914 6.45 

2331 

7.12 

28.44 

1306 6.77 

>'705 7-74 

2161 

8.72 

“ 1 

56.88 

1887 

5.76 

2343 6.42 

2856 

7.08 

33.76 

1526 6.72 

1996 7.68 

2535 

8.66 

“ 1 

67.52 

2216 

5*73 

2735 6.39 

3360 

7.05 


The table given above is intended to serve 
only as a guide in the choice of sections and not 
as a complete table. The properties of other 
sections may be found as follows: 

Example: Required the properties of a 
square box column consisting 01 4, A 4"x4"xJ", 
laced, 13} in. back to back. 

Elution: Table 32 evidently applies to 
angles with legs turned in, as well as angles 
with legs turned out. 

Area, from Table 32 = 15.00 in.* 

== / x» Tab le 32 — 467 in.< 

Ta « V/x + “ V467 4 - 15.00 « 5.58 in. 


The table given above is intended to serve 
only as a guide in the choice of sections and not 
as a complete table. The properties of other 
sections may be found as follows: 

Example: Required the properties of a 
column consisting of 8 4"x4"xJ", battened, 

I5i in. back to back. 

Solution: From Tables 32 and 35 the 
moment of inertia about axis A-A equals 645 
-b 43 » 688 in.^ and the area equals 2 X 15.00 
= 30.00 sq. in. 

The r adius o f g yration equal s 

f « V/ 4 - » V688 4 - 30.00 ■« 4.79 in. 
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TABLE 74. 

Properties of Eight Angles and Three Plates. 


Propmie» 

of 

Eight Angle* 
and 

Three Plate*. 


d - Width of Web Plate 
Piu* One-half Inch, 
b Width of Flange Plates 
Plus One-half Inch. 
Large Sections may be 

Laced on Open Sides. 


Size of 
Web 
Plate. 

Size of 
Flange 
Plates. 

Size of 

Inside Angles. 

Size of 

Outside Angles. 

Total 

Area 

Axis A-A. 

Axis B-B. 

Moment of 
Inertia. 

Radius of 
Gyration. 

Moment of 
Inertia. 

Radius of 
Gyration. 





A 

Ia 

i-A 

Id 

tb 

In. 

In. 

In. 

In. 

In.* 

In* 

In. 

In.4 

In. 

i8x4 

i 8 x 4 

3Jx3ixi 


46.84 

3238 

8.31 

1198 

5.06 

“ 1 


“ 4 

“ 4 

5975 

4135 

8.32 

1534 

5.07 

“ i 


“ i 

“ 1 

72*34 

5016 

832 

1856 

5.06 

20 x 4 

20x4 

ii 

4 x 4 x 4 

4x4xJ 

60.00 

5051 

9.17 

1976 

5*74 

“ i 

“ i 

“ i 

74-38 

6261 

9*17 

2431 

571 

“ i 

<€ 

“ i 

“ i 

88.52 

7459 

9.18 

287s 

5.70 

22xt 

22X 

4 x 4 x 4 

4X4xJ 

71.24 

7319 

10.13 

2708 

6.16 

“ i 

** • . 

“ i 

“ 1 

86.37 

8885 

10.14 

3285 

6.16 

“ i 

tt 

“ i 

“ i 

101.26 

10434 

10.15 

384s 

6.16 

24x1 


4 X 4 xi 

4 X 4 xi 

75.00 

9175 

11.05 

3356 

6.69 

“ i 


“ i 

“ i 

90.88 

11139 

11.06 

4070 

1 6.69 

“ i 

it 1 . 

1 

“ i 

106.52 

13083 

11.08 

4767 

6.68 

26x1 

26x: 

6x6x1 

6x6x| 

126.02 

17447 

11.77 

7021 

7.46 

" i 

“ 4 

“ i 

“ i 

146.09 

20234 

11.77 

8102 

7*44 

“ I 

‘‘ I 

“ I 

“ I 

166.00 

23001 

1177 

9168 

7*43 

28x1 

28x1 

6x6x1 

6x6x1 

130.52 

21081 

12.71 

8376 

8.01 

“ i 

“ i 

i 

“ i 

151.34 

24456 

12.71 

9672 

7-99 

“ I 

** I 

I 

I 

172.00 

27809 

12.71 

10943 

7.98 

30*1 

30^1 

6x6x1 

6x6x1 

146.27 

27369 

13.67 

10456 

8-45 

“ I 

“ I 

i 

“ i 

167.84 

31433 

13.68 

11988 

8.45 

‘‘ li 

“ II 

I 

“ I 

189.25 

35477 

13.69 

13496 

8.45 


The above table is intended to serve only as a guide in the choice of sections and not as a com- 
plete table. The properties of other sections may be found as follows: 

Example: Required the properties of a section composed of a 20" X web plate, two 24" 
X 1" flange plates, four 4" X 4" X 4" inside angles and, four 6" X 4" X J" outside angles fastened 
by 4 " legs, / « 2oi", b - 24 ^. 

Solution: 

I I I Moment of Inertia. j Radius of Gyration. I 


1- Wb. PI. 

2- FI. Pis. 
4-In8. A 
4-Out8. A 

20x1 

24x1 

rr- 

I 

32 

34 

12 50 

36.00 

15.00 
27.76 

1 

3 

5 

32 

34 

417 

3972 

1222 

189s 

Total . . 



A - 

91.26 

Ia - 

7506 


Radius of Gyration. | 

Axis A-A. 

Axis B-B. 

Ta 


*1/ ^A -•-A 

— Ib ■#*A 

In. 

In 



J 7 S 06 

\9i.26 

JSiOS 
\ 91.26 

Fa « 9.07 

fb « 7*55 
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TABLE 75 

Elements of Z-Bar Columns 
American Bridge Company Standards 


Dimensions in Inches 


Rivets i' Diam. 


Size of Z-Bars 


oS 

S-S si Size of Flanges 
H 


i 2i X3 X2| 
A 2HX3AX2H 
i 2 } X3i X 2 I 
A 2ttX3 X2ii 
i 2j X3AX2i 


In. In. In. 

6i li si 

6 A lA sA 

6i ij Si 
6 A >A 4 il 
6 i if 4} 


Standard Dimensions 





84.7 3.0 31.7 1.8 

105. 1 3.0 41.8 1.9 

125. 1 2.9 534 1.9 
134.6 2.9 55.2 1.8 

153.1 2.9 67.1 1.9 


1 2j X 4 X2i 

A 2 ^iX 4 AX 2 }i 

i 3 X 4 i X3 
A 3 X 4 X 3 , 
i 3AX4AX3A 
A 3 i X 4 i X 3 i 
i 3AX4 X3A 
H 3 i X4AX3I 
i 3 AX 4 i X 3 A 


8i If 
8A itt 

8| li 

8A iH 

8| li 
8}i lU 
8| 2 
8jl 2A 
9 2 i 



134.7 3-4 657 2.4 
166.9 3.4 85.8 2.4 

199.4 3-4 '07-8 2.5 
220.6 3.4 1 13.6 2.4 

250.8 3.4 138.6 2.5 

280.4 3.3 163.0 2.5 
296.3 3.3 167.3 2.5 

323.8 3.3 192.8 2.5 

351.5 3.3 220.5 2.6 


A 3AX5 X3A 
i 3 l XsAXsi 
A sAxsi X3A 
i 3iX5 X3I 
A 3AX5AX3A 
i 3 l X5I X3i 

^ ^5 X^i 

i 3AX5AX3A 


I 3 i X6 X 3 i 

, A 3AX6AX3A 

5 i 3f X6t X3I 
S A 3l X6 X3i 


•Si tt 3t X6l X3I 
i si X6 X3I 

“•I ? 


>oA iH 

lOj I| 

loii I'li 
,ioi -i 
io|i 
loi 2 
loii 2A 

lOi 2i 


I2| ij II 

12A ili iiA 

12J ij Ili 

12A lU >oH 

I2i 2 10} 

I2ii 2A I°ii 
I2i 2} 10} 

12H 2A *oA 

13! 2j lol 



I V 1/ 

U — -joit — -4 




193.8 3.5 147-4 3 

231.0 3.5 183.4 3 

267.6 34 222.0 3 

287.6 34 234.4 3 

321. 1 3-4273-7 3 
354-3 3-3 315-6 3 

364.8 3.3 320.0 3 
395-5 3-3 363-0 3 


337.03.9287.83.6 72.6 21.36 
39143-9346.93-7 85-2 25.06 

T 444-6 3-9409-2 3.7 97-7 28.76 

1 469.1 3.8426.3 3.6 106. 1 31.22 

I 518.0 3.8489.2 3.7 118.4 34.84 

^ 566.5 3.8 555.8 3.8 130.9 38.50 

^ 579-7 3-7 562.4 3.7 137-9 40.56 
[ 622.5 3*7628.2 3.7 149.6 44.02 
1 666.6 3*7699.1 3*8 162.0 47.64 
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TABLE 77. 

Properties of Chord Sections. 
McClintic- Marshal Construction Co. Standards. 


Properties of 
Two Angles and 
One Web Plate. 



Long Legs Turned Out. 
Top of Plate J" Below 
Backs of Angles. 


I.Axis B-B.| 


o ^ *5 2 




c a> 3 

i^rS? 


U fA I.Sa e Ib rs 


In.> In.* In. In.* i In. In.* In. 


6 Xi 2 X 2 Xi 3-38 
2 iX 2 xi 3.62 

7 Xi 2 X 2 Xi 3.63 
2 iX 2 Xi 3.87 
3 X 2 xi 4.13 
3 X 2 §xi 4.37 

8 Xi 2 X 2 Xi 3.88 
2 iX 2 Xi 412 
2 jX 25 Xi 438 
2 iX 2 iXA 4-94 
3 X 2 Xi 438 
3 X 2 lXi 462 


11. 1 1.81 6.3 1.77 1.7 
11.71.80 7.i|i.66 3.1 .' 

I7.i'2.i7 9 .i|i .87 1.7 .1 

17.8 2.14 8.91.99 3.1 .< 

18.7 2.13 lo.o 1.871 5-1 I- 

18.712.07 9-9 1.90 5.2 i.i 

24.4!2.si 9.82.48 1.7 .1 
25.62,49 10.9J2.34 3.1 .1 
2S.6 2.42^ii.O|2.33 3.1 .1 

27.1 2.34 12.5 2. i6j 3.9 .1 

26.8 2.47 12. 1 2.21 5.1 i.i 

26.8 2.41 12. 1 2.22 5.2 I.I 


.70ioXi 2}X2iXi 


3 X2JXA: 5-24 28.72.3013.62.04' 6.5;!. 


3 iX 2 jXi 4-88 

3 iX 2 jxA 5-56 

8XA2jX2iXA 5-44 
3 X25xi 5.12 

3 X 2 iXA 5-74 
3iX2jxi 5.38 
ilXzlX-ft 6.06 

8Xi 3iX2iXT't 6.56 

4 X3 XA 7-i8 

4 X 3 xi 7-96 


27-9 2.39 i 3 - 3 : 2 -io, 8.01.: 

29.2 2.29,15.1,1.94 10. 1 I.; 

31.7 2.4 i!i 3. 512.35! 4,1 .: 
3 i. 3 ' 2 . 47 |i 2 . 9 ; 2 . 42 : 5.3 I.I 

33.2,2.4014.8 2.24, 6.7 |I.i 
32.62.4614.2:2.30, 8.21.: 

34.3 2.38 I6.I 2.13 10.4 I. 

39.1 2.44 !i 7 .i' 2.29 10.6 I. 
40.6 2.38 |i 8 .i! 2.22 15.2I1.. 
42.5 2.31 20.3! 2.09^ 18.611., 


■93 23 X 2 iXA 5-44 

3 X 2 Xi 4-88 

.68 3 X 25 Xi 5.12 

.90 3 X 2 iXA 5-74 

.12 3 iX 2 ixi 5-38 

•09 3 iX 2 iX-i\ 6.061 

4 X3 Xft 6.68 

.66 

.87 loX A 2 } X 2 i X 6.07 
.84 3 XziXi 5-75 

•89 3 X 2 iXA 6.37 

.09 3 iX 2 ixi 6.01 

.06 3 iX 2 iXA 6.69 

.11 4 X 3 XA 7 - 3 ' 

.28 4 X 3 X| 8.09 

•35 5 X3 XA 7-93 

5 X 3 Xf 8.85 

.87 S X 3 JXA 8,25 

.02 5 X 3 iXi 923 

.08 

.2410X1 3 X 2 iXA 6.99 

.31 3 »X 2 iXA 7-31 

4 X 3 XA 7.93 
.28 4 X3 XI 8.71 

•47 5 X3 XA 8.53 

•53 5 X3 XI 9-47 


47.2 3-io,i 5-5 3-04 3-i -80 

50.1 3.03 i 7-8|2-82 3.9 .85 
49.3I3. 19116.8:2.93 5.1 1.03 
49.3'3.09 17.0,2.90 5.2 l.oo 

52.213.02 19.6 2.67 6.5 1.06 
51.313.09118.5:2.77 8.01.22 

54.0 2.99 21. 2 2. 55 lo.i 1.29 
55.7j2.8922.8j2.44 14.8 1.49 

58.6 3.10119.13.07 4.1 .82 
57.6'3. 16 18.213. 16 5.3 .96 

61.2 3.Io!2I.O 2.91 6.71.02 

6o.o'3.i6:i9.8j3.03 8.21.17 
63.4'3 .o8:22.7 2.80 10.3 1.25 
65-512-99 24-3 2-69 15-1 >-44 

68. 3 2.91 27.2 2.51 18.2 1.50 

69.2 2.96 27.8 2.49 28.7 1.91] 

72.1 2.85 31. 1 2.3234.4 1.97 

69.3 2.89 27.6 2.51 28.8 1.87 
72.42.81 30.8 2.35 34.6 1.94I 

69.53.1522.23.13 6.9 .99 
72.1 3.14 23.9 3.01 10.6 1. 21 
74.5 3.07 25.9 2.88 15.5 1.40 

77.8 2.99 28.7 2.71 18.6 1.46 

78.93.03 29.3 2.69 29.7 1.85 
82.4 2.9432.8 2.5135.1 1.93 


9 Xi 2 }X 2 jXi 4.63 35.4 2 . 7613.2 2.68 3.1 .82 i 2 Xi 

3 X 2 xi 4.63 37.3 2 . 8413.5 2.77 5 . 11-05 

3 X 2 . 5 xi 4-87 37-0 2.75 14-5 2-55 5 - 2 t -03 

3iX2ixi 5.13 38.42.7315.82.43 8.0,1.25 

9 XA 3 X 2 }XA 6.05 45 . 82 . 7517 . 52.62 6 . 71.05 

3 iX2jXA 6.37 47.5 2.73 19 . 02.50 10.3 1.28 

3 iX 2 iX| 7-03 49-5 2.65 21 . 1 , 2.34 i 2 . 4 |i .33 

4 X 3 XA 6.99 49.1 2.65 20.2 2.41 15 . iji .48 


Note: Section modulus, Sa, is given for top fiber. 
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I 3 X 2 iXi 5.62 81 . 23 . 8022 . 23.65 5.2 .96 

3 X 2 JXA 6.24 86 . 23 . 7325 . 6 , 3.37 6 . 51.02 
3 iX 2 jxi 5.88 84 . 33 . 7824 . 23.49 8 . 0 , 1.17 
3 iX 2 iXA 6.56 89 . 13 . 6727 . 8 : 3 . 2010 . 11.24 

4 X 3 XA 7 .i 8 92 - 03 . 5830 . 23.05 I 4 . 8 |i .44 

5 X 3 XA 7 80 96.8 3.52 34 . 3 l 2 . 82 ' 28 .i;i .90 
5 X 3 XI 8.72 100.8 3.41 38 . 6 l 2 . 6 ij 33 . 8 ;i .97 
5 X 3 iXA 8->2 96-8 3-45 34-0 2.85 28 . 3 : 1.87 
5 X 3 iXi 9 . 10100 . 63.33 38 . 12 . 6433 . 9 , 1.94 




Sixe of Web Plate. 


TABLE 77. — Continued. 

Properties of Chord Sections. 
McClintic-Marshall Construction Co. Standards. 


1 ^ 


Properties of 
Two Angles and 
One Web Pbte. 




Long Legs Turned Out. 
Top of Plate i" Below 
^cks of Angles. 


Axis B-B. 


Axis B-B. 

si 

IS 

"o c 
«.9 

fSo 

Ib 

re 


Axis A-A. 


St 

IS 


^ 13 

So 


Sa 


ti 

iP 


ll 

•5 2 

1 


rt 

s 

t 

'o 

.§ 

CO 


Axis A-A. 


tl 


■•5 jS 

So 


ta 


Sa 


In. 


In. 


In.* 


In.* 


In. 


In.* 


In. 


In.* 


In. 


In. 


In. 


In* 


In * 


In. 


In.* 


In. 1 In.* 


In. 


I2XA 3 X2iXi 

3 X 2 JXAI 
3JX2iXi 
3 iX 2 iXA, 

4 X3 XA 

4 X3 XI 

5 X3 XA 
5 X3 XI 
5 X3IXA 
S X3JXi 


12X1 


6 . 37 j 94-8 3.84 
6.99 100.7 3.79 
6.63 98.5 3-86 


24.0 


3-95 


7,31 104.5 3.78 29.6 3.53 10.3 


7.93 107.9 


8.55 113.8 3.64 36.3 


27.5 3.67I 

S-9 3-81 


6.7 

8.2' 


8.71 ii2.8|3.6o|3S.8|iiPii8.2| 


3.7032.0 


3.13 28.7 


.92, 

•98| 

I. II 

1.191 

1.381 

i-ui 

1.82 


12XJ 


4 X3 Xi 

5 X3 XI 
S X3 Xi 
5 X3lXi 
' X3iXi 

X3iXi 
X4 Xi 


50168.63.6749.1 


9.47 119.0 3.55 40.9 2.91 34.4 1.92 
8.87 113.9I3.58 36.4 3.13 28.8 1.80 
9.85'ii9.ol3.47 40.9 2.92:34.6 1.88' 


7-74 1 14-3 


3 X2iXAl 

3 iX 2 iXA 

4 X3 XA: 8.68:122.7 

4 X3 Xt 946: 1 28.41 

5 X3 XAl 9-30, 129.9 


X3 Xi 
. X3iXf 

5 X3iX| 

6 X3iX| 
6 X4 XI 


. 3 . 84129.3 3.91, , 

8.06,118.513.83131.4 3.77 10.6 
3-76 34-0 
3.68138.0 


3-74 


10.22 135.8l3.64 
9.62 129.5 3 -Sol 
10.60 135.83.58 

11.34ii41.83.54 

11.721145.0,3.52 


38.43.38 
43-2 314 


43 .i| 3 i 5 , 

47 - 9 i 2-96 

48.7 2.98 


12 XA14 X3 XA 10.99 149.ll3.681 
5 X3 Xf : 10.97 150.03.69 
S X3iXi 11.35 i5«-5 3 65 

5 X3iXA 12.31 157-1, 3-57 

6 X3iX| 112.09158.43.62 
6 X3iXA 13 I9 ;i 64.3 3-52 

6 X4 X A 13-61 164-4 3 48 


38-4! 


6-9 


3-61 15 - 5 , 

3-38I18.6 
29.2' 


35-1 


3-37 


45-1 

44.8 

45.21 


49-63 

50.2 

SS-o 

54.8 


3.31 
35 
3-35 
- *71 
3.16 


HXf 


•95 

1.15 

1-34 

1.40 

1.77 

1.83 


i4Xi 


29 - 4 , 1-75 

35 . 3 , 1.82 
59 - 6 , 2.30 
59 . 612 . 26 l 


22 . 311.42 
35 - 81-81 
35 - 91-78 

42 - 01-85 
60.6 2.241 
2 . 99170.6 2.31 

3.00 70.6 2 . 28 | 


i 6 Xi 

16 XJ 


X3 XI 
X3 Xi 
X3iX| 
X 3 }Xi 
X4 Xi 


12. 

11.72 

13.501 

14.00 
12.84 

15.001 
* 5-50 


178.2i3.63 
178.2^3.56 


174-1 


3.69 


186.3 3-52 
186.3 3.52 


10.21 196.5 4 
10.97,207.4 
; 1 1-35 207 _ 
12.09 2I6.614, 
12.47,216. 


39 
.,4-34 
5 I 4.28 
23 

7|4 .i 6| 


X3 Xi 
X3 X i 

5 X 3 iXi 

6 X 3 iX 
6 X 3 iX 
6 X4 Xi 

5 X 3 iXi 

6 X 3 iX| 
|6 X3iXi 


13.50 258. 

14.50273.3 

15.00 273.5 4.27I70.8I 
13-84265.7' 

16.00 285.3 

i6.5o!285.r 


12.10' 299.6 
12.84 312 6 
iS- 00 i 334-7 


6 X3iX| fi 4 . 84 ' 382.5 ?. 09 | 
6 X3iXA 15-94 399-0 5-03 


3.43 26.4I1.46I 
1-77 
1.90I 
1.88 


166.4I3.76I46.8 3.55 36.5 
55-9 3-19 48.9 
55-7 3-20 49-7 
3.35 61.6 2.19 
3.00 82.0 2.34I 
3.03 82.5 


52.01 

62.1 


61.5 

47-8| 

54.1 


4.1 1 18.6] 
3.83135.1 
54-4 3-81 35-3 


60.5 


3-59 59-6 


60.53-5959-6 


f- 24-37 
114-34 

4-27 
4-38 

. 14-22 

, 04.16 


162.214 

70.1 


165-3 

78 .. 

78.1 


4.98 

4-94 

472 


6 X 3 iXj 17 . 00 412 . 4 I 
6 X 4 Xi 17.50412 


4.92 

, 4.85 


66.4I 

73-3 

88.1 


79- 
87-5 
95-5 
95 ' 


.16 
3.89 
3.87 

31^64 

3-65 


26.4I 

48.91 

49.2] 1. 8 1 


4.52 

4-27 

3.80 


5I4.81 

4-55 

.,4-32| 

64.31 


2.31 

1-35 

1.79 

1.76 

2.22 

2.19' 


1.40 

-84 


61.6j2.11 

82.0 2.26 

82.5 2.24 

35-3 1-70 
59.7,2.16 

80.0 2.30 

61.6 2.04 

71.9,2.13 

82.0 2.18 
82.5 2.17| 


Note: Section modulus, Sa, is given for top fiber. 
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TABLE 78. 

Properties of Top Chord Sections. 



Properties of 
Two A^lea 

















IP 


^ e A 

-j- 


Short Legs Against 

Plate, and Turned Out. 



One Cover Plate. 




y 1 

y 


Edges of Angles Flush 



Angles Turned Out. 




1 

1 

B 



with Edges of Plate. 



Series 1 

Series i. | 

Series 2. | 

and 2.1 


1 

Axis A-A. 1 

Axis B-B. 1 

. 1 

. 1 

Axis A-A. 1 

Axis B-B. 

ize of Plate. 

1 

'S 

1 

Total Area 

Moment 
of Inertia. 

Radius of 
Gyration. 

section 
Modulus. 
Upper Fiber. 

Centroid. 

Moment 
of Inertia. 

Radius of 
Gyration. 

>ize of Angles. 

Total Area 

Moment 
of Inertia. 

Radius of 
Gyration. 

oection 

Modulus, 
Upper Fiber. 

Centroid. 

Moment 
of Inertia. 

Radius of 
Gyration. 

c /3 


A 

Ia 

ta 

Sa 

e 

Ib 

tb 


A 

Ia 

Ta 

Sa 

e 1 

Ib 

Tb 

In. 

In. 

In.* 

In.* 

In. 

In.* 

In. 

In.* 

In. 

In. 

In.* 

In.* 

In. 

In.* 

In. 1 

In.* 

In 

loxi 

3x2ixi 

5.12 

3 7 

.86 

5.8 

.40 

48.5 

3.08 

3x2ix| 

6.34 

51 

.90 

6.6 

•53 1 

62.5 

3-14 


4x3 xi 

5.88 

8.2 

1. 18 

9.0 

.66 

49.0 

2.89 

4x3 xi 

7.46 

II. 2 

1.23 

10.6 

.81 

63.0 

2.91 

loiA 

3X2ix} 

5-74 

4.0 

.84 

6.3 

•33 

537 

3-05 

3X2ix| 

6.96 

5.6 

.90 

7-3 

.46 

67.7 

3 12 


4*3 xi 

6.50 

8.7 

1. 16 

lO.O 

•57 

54-2 

2.89 

4x3 3 ci 

8.08 

II.9 

1.22 

11.5 

73 

68.2 

2.90 

12x1 

3X2jxl 

5.62 

3*9 

.83 

6.4 

.36 

82.8 

3.84 

3x2|xi 

6.84 

5-3 

.89 

7-4 

.48 

106.2 

3-94 


4x3 xt 

6.38 

8.5 

I.16 

10.2 

.60 

86.1 

3.67 

4x3 xf 

7.96 

1 1.6 

I. 2 I 

11.7 

75 

1 10.7 

3-73 


5x3 ix A 

8.12 

18.8 

1.52 

IS-S 

.96 

98.6 

3.48 

SxjixA 

10.06 

24.3 

1.56 

17.9 

I. II 

124.0 

351 

I2iA 

3X2jxi 

6.37 

4.1 

.80 

6.9 

.28 

91.8 

3-79 

3X2§xi 

7-59 

57 

.87 

8.0 

.41 

115.2 

3-89 


4x3 xi 


9.1 

1,13 

II. I 

•51 

95.1 

3-65 

4x3 X 1 

8.71 

12.4 

I.I9 

12.7 

.66 

119-7 

3-71 


SX 3 ixA 

8.87 

19.8 

1.49 

I7.I 

.85 

107.6 

3.48 

5 x 3 ixA 

10.81 

25.6 

1.54 

19.4 

1. 01 

133.0 

3-51 

I 2 X| 

3X2ixJ 

7.12 

4-4 

79 

7-5 

.22 

100.8 

3.76 

3x2ixJ 

8.34 

6.1 

.86 

8.6 

•34 

124.2 

3\86 


4x3 xi 

7.88 

95 

1. 10 

11.9 

•43 

104.. 111.64. 

4x3 x| 

9.46 

13-0 

1.18 

13-8 

.58 

128.7 

3.69 


SX 3 ixA 

9.62 

20.8 

1.47 

18.4 

.76 

1 16.6 

3.48 

5x3 ix A 

11.56 

26.9 

1-53 

20.7 

.92 

142.0 

3.50 

I4xj 

3 X 2 ixi 
4x3 X i 

6.12 

4.0 

.81 

70 

•32 

128.4 

4.58 

3X2ix| 

7-34 

5-5 

.87 

8.1 

•44 

163-S 

4.72 


6.88 

8,8 

113 

II.O 

.55 

135-9 

4-45 

4x3 xi 

8.46 

12.0 

1. 19 

127 

•70 

174-3 

4-54 


Sx 3 ixA 

8.62 

19.3 

I. SO 

17.0 

.89 

1 59. 1 

4.30 

5 x 3 ixA 

10.56 

25.0 

1-54 

19.2 

1.05 

199.8 

4-35 


6x4 xi 

10.72 

37-1 

1.36 

24.4 

1,27 

179.1 

4.09 

6x4 xj 

13.00 

46.2 

1.88 

27-7 

1.42 

220.9 

4.12 


3x2jxi 
4x3 xi 

6.99 

4.2 

.78 

77 

•24 

142.7 

4.52 

3X2ixf 

8.21 

5-9 

.85 

8.7 

•37 

1777 

4.65 


775 

9-3 

1. 11 

12.3 

•45 

150.2 

4.40 

4x3 xi 

9-33 

12.8 

1.17 

13.9 

.61 

188.6 

4-49 


SX 3 ixA 

9-49 

20.4 

1-47 

18.7 

.78 

173-4 

4.27 

5 x 3 ixA 

11.43 

26.4 

1-52 

20.9 

•95 

214.1 

4-33 


6x4 xi 

11.59 

39.0 

1.83 

26.7 

I.15 

193-4 

4.08 

6x4 xj 

13-87 

48.6 

1.87 

30,0 

1.31 

235.1 

4.11 

I4x| 

3X2jxi 

7.87 

4-5 

.76 

8.2 

.18 

157.0 

4-47 

3 X 2 ixi 

9.09 

6.3 

.83 

9-4 

.30 

192.C 

4-59 


4x3 xi 

8.63 

10.2 

1.07 

131 

•37 


4-37 

4x3 xi 

10.21 

13. C 

1.15 

14.8 

•53 

202.5 

) 4-46 


Sx 3 ixA 

^ 10.37 

21.4 

1.44 

20.2 

•69 

187.7 

4.25 

5 x 3 ixA 

12.31 

27.6 

1.50 

22.4 

.86 

228..^ 

4-31 


6x4 xi 

12.47 

40.8 

1.81 

28.7 

1.04 

207.7 

4.08 

6x4 xj 

14-75 

50.8 

i.8s 

32.0 

1.22 

249-5 

; 4-11 

i6xj 

4x3 xi 

7.38 

9.0 

1. 10 

12.0 

•50 

199-5 

5.20 

4x3 x| 

8.96 

• 12.3 

1. 18 

13.8 

.65 

2 S 4 .t 

J 5-33 


SX 3 ix,\ 
6x4 xi 

r 912 

11.22 

19.8 

38.0 

1-47 

1.84 

18.2 

26.2 

.84 

1.20 

236.8 5.09 
27 i- 3 | 4 - 9 i 

Sx 3 ixA 

6x4 X) 

11.06 

13.5c 

> 25.7 

> 47-4 

' 1.52 
.1.87 

20.6 

27-4 

1. 00 
1.36 

296.< 

334 -^ 

) 5 -i 8 
i 4-98 

i6iA 

r 4 X 3 xi 

8.38 

[ 9.5 

1.07 

13-2 

.41 

220 . 9 ' 5 .I 3 

4x3 xi 

9 - 9 < 

i 13.1 

1. 15 

15.1 

.56 

276.: 

i 5.27 


s*:f 

1 10.12 

: 20.9 

1.44 

20.1 

•73 

258.1 s-os 

5 x 3 ixA 

f 12.0^ 

) 27.1 

1.50 

22.6 

•89 

318.: 

i S.14 


12.22 

t 42.0 

1.81 

28.8 

1.08 

292.7 

^490 

6x4 xj 

14.5c 

> 49-5 

) 1.85 

32.0 

1.25 

355 -: 

7 4-95 

i6x| 

I3':f 

r II . 12 
13.22 

i 21.9 
i 41.9 

1.40 

1.78 

21.8 

31.0 

.63 

.98 

279 -^ 

314.C 

tS.02 

>4.87 


r i3.o< 

IS. 5 < 

) 28. ( 
) 52.: 

; 1-48 
1 1.83 

24.4 

34-3 

.80 

1.15 

339 -< 

377 -< 

5 5.10 

D 4-93 


|8z6 zA|i7*8e 

> 106.0 

2.44 

547 

1.56 

307.8|4.is 

8x6 x^ 

1 ii . i : 

t I29.( 

> 2.48 

61.4 

1.74 

361.; 

3 4-13 
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TABLE 79. 

Properties of Top Chord Sections. 
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TABLE 80 . 

Properties of Top Chord Sections. 


Propertiea of 
Two Angles, 

One Web Plate 
and One Cover Plate. 



Long Legs Turned Out. 
Top of Web Plate i" 
Below Backs of Angles. 


Series i and 2. 


II 



6xi 2 X2 xi 6xi| 4.88 14.8 1.74 10.3 1. 19I 6.1 1. 12 6x| 5.63 16.2 1.70 11.8 


8xi 2 X2 xi 6xi 5.38 31.6 2.42 15.8 1.75 

2ix2ixi 6x} 5.88 32.3 2.34 16.5 1.71 


6.1 1.07 6xi 6.13 34-5I2.37 18.4 L50 
7.6 1. 14 6xi 6.63 35.012.30; 18.9 1.48I 


8.4 1.22 I 

8.4 1. 17 
9.9 1.22 


J r J 7 - T' 

“ A M 6.44 32.9 2.26 I7.S 1.63 8.4 I.I4 6xf 7.19 35-5 2.22 19.7 1.43 10.7 1.22 

3 X2§xi 8xi 6.62 34.4 2.28 19.5 1.51 15.8 1.55 8x| 7.62 37.1221 22.5 1.27 21.2 1.67 

“ A 8xi 7.24 35-3 2.21 20.8 1.45 17.1 1.54 8x| 8.24 37-72.14 23.5 1.23 22.5 165 

8xA2ix2jxi 6xi 6.38 38.02.44 17.6 1.91 7.6 1. 10 6xJ 7.13 41.32.41 20.2 1.67 lo.o 1.18 

‘‘ A 6xi 6.94 38.9 2.37 18.8 1.82 8.4 i.io 6x| 7.69 41.92.33 21. 1 1.61 10.8 1. 18 

3 x2jxi 8xi 7.12 40.5 2.38 20.8 1.70 16.0 1.49 8x1 8.12 44.02.33 24.1 1.4s 21.3 1.62 

‘‘ A 8xi 7.74 41.42.31 22.0 1.63 17.3 1.49 8xi 8.74 44.72.26 25.2 1.40 22.7 1.61 

8xi 3 x2jxi 8xi 7.62 46.32.46 21.8 1.87 16.2 1.46 8x1 8.62 48.52.37 23.0 1.73 21.5 1.58 

“ A 8x} 8,24 47.32.39 23.3 1.78 17.6 146 8xf 9.24 49-42.31 24-1 1-67 22.9 1.57 

4 X3 xA 10x5 10.93 54-92.24 31.1 1.40 46.8 2.07 loxi 12.18 58.62.19 34.3 1. 21 57.2 2.17 

“ I loxl 11.71 55.512,18 32.1 1.3649.9 2.0610x512.96 59.22.14 35.1 1. 19 60.3 2.16 


loxi 2jx2jxi 6x1 6.38 58.13.06 23.02.30 7.6 1.09 6x1 7-13 63.42.96 26.1 2.02 

“ A 6xi 6.94 60.02.94 24.7 2.18 8.4 I.IO 6x| 7.69 64.4 2.89 27.9 1.93 

8xi 7.12 62,42.96 27.1 2.05 15.8 1.49 8x1 8.12 67.22.88 31.5 1.76 

y ^ - on o a o_. 


3 X2jxi 8xi 7.12 62,42.96 27.1 2.05 15.8 1.49 8x1 8.12 67.22.88 31.5 1.76 

“ A 8xi 7.74 64.3 2.88 29.0 1.94 17.1 1.49 8x| 8.74 68.3 2.81 33.0 1.70 

4 X3 xA lox} 10.43 72.42.63 38.6 1.50 46.1 2.10 10x5 11.68 76.5 2.56 42.7 1.29 

“ 1 I0xllI.2I 73-02.55 41. 1 1.4549.92.0910x512.46 77.02.4943.71.26 


9.9 I.I8 
10.7 I.I8 
21.2 1.62 

22.5 1.60 

56.5 2,20 
59-4 2-18 


lOxAs X2ixi 8xi 7.75 73-5 3 08 28.7 2.31 16.0 1.43 8x1 8.75 79-62.99 32.9 2.01 21.3 1.56 

“ A 8xi 837 75-3 3-00 30.8 2.20 17.4 143 8x1 9.37 80.92.95 35.3 1.94; 22.7 1.56 

4 xj xAioxf 11.06 85.82.79 41. 1 1.71 46.4 2.0610x512.31 91.02.75 46.7 1.49^ 56.9 2.15 

1 loxf 11.84 87.02.71 42.8 1.66 49.4 2.0510x513.09 91.82.69 48.5 1.45 59.9 2.14 

5 xjixA 12x1 12.75 90.52.66 46.8 1.56 82.8 2.5612x5 14.25 95.82.59 51.8 1.35! 100.8 2.66 

I 12x1 13.73 91.92-59 49-0 1.50 88.6 2.5512x515.23 96.92.52 53.0 1.331106.6 2.64 


iox| 3 x2ixi 8xi 8.37 83.73.16 30.1 2.53 16.2 1.38 8x1 9-37 90-8 3. ii 34-9 2.23 

“ A 8xi 8.99 85.83.10 32.4 2.42 17.6 1.40 8x1 9.99 92.53 05 36.9 2.1S 


21.5 1.51 
22.9 1.51 

4 X2 xA 10x1 II.68| 98.4I2.92 43.2 I.^ 46.8 2.00 10x5 12.93 104.62.81 47.3 1.67 57.2 2.10 

I loxi 12.46 99.7 2.83 45-2 1.84 49.9 2.00 10x5 13.71 105.42.77 49.5 1.63 60.3 2.10 

5 xjixA 12x1 13.37 103.7 2.78 49.4 1.73 83.4 2.5012x514.87110.02.72 s ±-7 I-5I I0I-4 2.61 

I 12x1 14.35 105.3 2.71 51.4 1.68 89.3 2.50 12x5 15-85 111-5 2.65 56.4 1.48 107.3 2.60 
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TABLE 81 . 

Properties of Top Chord Sections. 




!B 

= 1 - 


Properties of 

Two Angles, 

Two Web Plates 
and 

One Cover Plate. 

a .5 

"ii 

is 


Angle Legs Turned Out. 

Edges of Angles Flush 
with Edges of Top Plate. 

Web Plates Below 

Backs of Angles. 


Series i and 2 . 

1 

1 

k 

1 

'Z 

*s 

1 

1 



Axis I 

5-B. 

Moment 
of Inertia, j 

1 

Radius of 
Gyration. 

Ib 

Tb 

In.‘ 

In. 


8xJ 2\x2ix\ lox\ 8.88 58 2.56 25.1 2.07 69.5 2.80 

“ I “ “ 10.88 76 2.64 27.9 2.47 79.9I2.71 

“ 1 2jx2ix| ** 9.96 60 2.45 27.4 1.94 82.2'2.87 

“I “ “ 11,96 802,58 30.82.33 91.6:2.77 

8xJ 2ix2jxi I2xj 9.38 60 2,53 27.51.95 125.4i3.66 

“I “ “ 11.38 802.65 3072-36 I4S-713-57 

“ i 2ix2jxi 10.46, 62 2.44 29.7 1.84 I46.4'3.74 
“I “ '' 12.46 83 !2.58 33.32.23166.73.65 

lOxi 2 ix 2 lx\ I2x} 10.38, 109 '3.24 37.5 2.66 136.8 3.63 

1 “1 3 « ‘43 |3-33 41-9, 3 -i 6 162.2 3-55 

“i2jx2ixi 11.46,113 3.14 41.2 2.49 157.83.71 

“i “ “ 13.96 149 3.27 46.12.98 183.23.62 

lOxi z|x2|x} I4xi J0.88 113 3.22 40.5 2.53 219.1 4.47 

“I “ “ J3-38 149 3-34 45-3 3-04 262.9 4.43 

“ i zixzjxl “ 11.961 n6 3.12 43.92.38250.64.58 

“ i “ “ 14.46 154 3.26 46.32.88 294.44.51 

I2ii 3X3xJ 14X} 15.38 244 3.98 60.43.79258.14.10 
“ i “ “ 18.38 295 4.01 66.3 4.19 296.1 4.01 

“ I 3232 ! “ 16.72 254 3.90 66.7i3.56 292.64.18 

“ i “ “ 1972 309 3 96 73 2 3-97 330 7 4 09 

12x1 3i2xi i6xi 17.88 280 3.96 77.73.22437.34.94 

“t “ 20.883394.03 84.33.65499.94.89 

“ I 3x1x1 “ 19.22 286 3.86 83.5 3.00 486.3 5.03 

“ i “ 22.22 348 3.96 90.1 3.50 548.914.97 


142] 3xw| i6x| 20.72 431 4.56 103.23.80 521.15.01 

!! i ‘ , !! 112.14.30 594 04.95 

I 3x3x5 22.00 441 4.48 109.93.64 569.0 5.08 

“J “ “ 25.505374.59119.14.13641.95.02 

3X1x1 i8x| 21.47 443 4.54 109.73.66 740.95.87 
24.97 539 464 n8.64.17 849.15.83 
3*?*^ , 22.754524.46116.13.52805.65.95 

26.25 551 4.58 125.64.02913.85.90 
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TABLE 82 , 

Pkopbrtibs of Top Cbobd Sections. 


Propertiet 

of 

Top Chord Sectiosa. 



5 6.7 8Xt 3* 

8XA '' 

loXi si 

loxA “ 

i2Xi 7i 

12 XA “ 

5 9.00 8Xi 3 l 

8 XA “ 

loXi Sl 

loXA “ 

uXi 7 l 

12XA “ 

6 8.2 loXi si 

loxA “ 

l2Xi 7i 

I 2 XA “ 

14 XA 9i 

14X1 “ 

6 10.50 loXi si 

loXA “ 

i2Xi 7i 

I2XA “ 

14XA 9i 
14x1 “ 

7 9.8 loXi si 

loXA “ 

i2Xi 7 i 

12XA “ 

14XA 9i 

14X1 “ 

7 12.2s *oXi si 

loXA “ 

«*X 1 7 i 


B 

r--<i — i , 

TtrTTf, 

fi r Tt' 

.Jt.cp I Ibja.t- 


Two Channdt 
and 

One Plate. 


Radii of Gyra- 
tion. 

Gages. 

Web 


Axis 

A-A. 

Axis 

B-B. 

Plate. 

Chan- 

nels. 

of 

Chan- 

nels. 

Max. 

Rivet. 

rx 

Tb 

K 

h 



In. 

In. 

In. 

In. 

In. 

In. 


347 1 2.01 
37*3 
67.6 

72.8 I 1.96 I 3.22 


2.38 I 3 . IS 
2 

46.9 133.0 2 

48.7 204.9 2 

51.3 219.2 2.26 I 4.67 


S3-S 

1 152.0 

2.32 

S 5.8 

KMJ 

1 2.30 

S8.9 

250.3 

1 2.27 

6 s.i 



69.2 

00 

0 

00 

ei 

68.0 


72,5 

146.1 

2.77 
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TABLE 82. — Continued, 

Properties of Top Chord Sections. 


Propmie# 

of 

Top Chord Sections. 


Two Channels 
and 

One Plate. 


B to B 


1 Eccen- 

Moments of 
Inertia. 

Radii of Gyra- 
tion. 

Gages. 

Web 


nels. 

Gross j 
Area. 

1 tricity. 

Axis I Axis 

A_A Il-U 

Axis Axis 

A_A 

Plate, lS!ir- 

of 

Chan- 

Max. 

Rivet. 


61 lo 

62 

6s 

66 

67 10 

*68 

69 

70 

71 

7» 

73 10 


255.2 

355-0 

3.87 

4-5 

;7 

264.4 

520.4 

3.86 

5 -^ 


276.^ 

542.0 

3.84 

5-37 

286.9 

752-3 

3.82 

6.1 

9 

297.8 

782.7 

3-79 

6.1 


271.8 

383-9 

3-77 

4.^ 

^8 

286.2 

398.2 

3-79 

4.^ 

[7 

296.8 

588.8 

3-79 

5-3 

13 

313.6 

610.1 

3.80 

5-3 

\o 

3 * 5 * 

851.4 

3*79 

6.1 

t 4 

336.0 

881.8 

3-77 

6.1 

10 


li4 















TABLE 82. — Continued, 
Properties of Top Chord Sections. 




Properties 

of 



1^*" 

B 

-TV.., 


Two Channels 



Iri—l 




Top Chord Sections. 


T 

1 1 

.ji-.cii 

f 

i 

B 

li 

L.i. 



One Plate. 




Channels. 


B to B 



Moments of I 
Inertia. 

Radii of Gyra- 
tion. 

Gases. j 









Eccen- 







Web 


Sec- 



Cover 

nels. 

Total 

tricity. 



Axis 




of 

Max. 

tion 

Num- 


il 

Plate. 


Area. 


A- A. 

B-B. 

A-A. 

B-B. 

Plate. 

nels. 

Chan- 

Rivet. 

bcr. 

iS 

1 


b 


e 

u 1 

Ib 

Ta 

J-B 

e 

h 




In. 

Lb. 

In. 

In. 

In . 2 

In. 

In.< 

ln.« 

In. 

In. 

In. 

In. 

In. 

In. 

79 

12 

20.7 

i6X| 

9i 

18.06 

2.06 

409.8 

485.8 

4.76 

5-19 

*3 

lil 

.28 

i 

8o 



16X1V 

“ 

19.06 

2.28 

427.6 

507.* 

4-74 

5. 16 


it 

it 


8l 



18X1 


18.91 

2.21 

422.4 

682.1 

4-73 

6.00 

*5 




82 



18XA 

“ 

19.94 

2.46 

440.6 

712.4 

4-70 

5.98 

(( 

tt 

tt 

it 

83 



20X-iV 

133 

20.81 

2.62 

452.5 

957 5 

4.66 

6.78 

*7 

ti 

ti 


84 



20X^ 


22.06 

2.83 

469.8 

999.1 

4.61 

6.73 

(( 

ti 

tt 

• 

H 

12 

25.00 

i6Xs 

9 i 

20.64 

1.79 

45 *4 

550.0 

4.67 

5 . 16 

*3 

li 

-39 

i 

86 



16X1^ 

“ 

21,64 

2.01 

47*. 5 

571.3 

4.66 

S -*3 

(C 

tt 

tt 


87 



i8X| 

ni 

21.39 

I -95 

465.1 

774-9 

4.66 

6.01 

*5 

tt 

It 


88 



18XA 


22.52 

2.17 

486.5 

805.2 

4.64 

5.98 



tt 

“ 

89 



20XA 

* 3 i 

23-39 

2.32 

500.3 

1084.7 

4.62 

6.80 

*7 

tt 

tt 


90 



2oXi 

“ 

24.64 

2.53 

520.5 

1 126.3 

4-59 

6.75 

(1 

tt 

tt 


91 

12 

8 

d 

i6Xi 

9 

23.58 

*-57 

494 9 

611.4 

4.58 

5.08 

*3 

2 

- 5 * 

i 

92 



i 6 X A 


24.58 

1-77 

517.3 

632.7 

4.58 

5.06 

(( 

it 

(( 

“ 

93 



i8Xi 

II 

24.33 

1.71 

510.1 

865.7 

4-57 

5.96 

*5 

ft 

tt 

II 

94 



I8XA 


25.46 

1.92 

534 * 

896.0 

4.58 

5-93 

ti 

ft 

tt 

II 

95 



20XtV 

*3 

26.33 

2.06 

549.8 

1211.1 

4.56 

6.78 

*7 

it 

tt 

II 

96 



20XJ 


•27.58 

2.34 

567.6 

1252.7 

4-53 

6.73 

ti 

ft 



97 

*5 

33-9 

i8Xi 

lof 

26.55 

1.96 

922.8 

936.7 

5-90 

5-94 

*5 

2A 

.40 

i 

98 



18X A 

“ 

27.68 

2.20 

961.0 

967.0 

5.89 

5 - 9 * 

ft 

ft 

it 


99 



20XA 

i2i 

28.5s 

2.36 

986.7 

1307.* 

5.88 

6.76 

17 

tt 

tt 

<< 

100 



20Xi 

(( 

29.80 

2.60 

1024.5 

1348.7 

5.86 

6.72 

it 

tt 

tt 

li 

lOI 



22Xi 

Hi 

30.80 

2.77 

ioi;o.2 

1761.1 

5.84 

7.56 

*9 

tt 

tt 

li 

102 



22XA 


32.18 

3.00 

1085.5 

1816.5 

5.81 

7.50 

<1 

ft 

tt 

li 

103 

*5 

35.00 

«8Xi 

lOi 

27.21 

1.90 

940.5 

965.7 

5-87 

5-95 



■i? 

i 

104 



I8XA 

<( 

28.34 

2.14 

979.7 

996.0 

5-87 

5-92 

tt 

tt 

*05 



20XA| 

*2| 

29.21 

2.30 

1005.6 

1346.7 

5.86 

6.78 

17 

ft 

C( 

** 

106 



20Xi 

(( 

30.46 

2.53 

1044.4 

1388.3 

5.84 

6.74 

(C 

tt 

tt 

tt 

107 



22Xi 

Hi 

31.46 

2.70 

1070.8 

1811.7 

5.82 

7-58 

*9 

tt 

it 

tt 

108 



22X1'* 

a 

32.84 

2.92 

**07.9 

1867.1 

5.79 

7.52 

** 


tt 


109 

*5 

40.00 

i8xi 

loi 

30.15 

1.71 

1005. 1 

1039.3 

5.76 

5.86 

*5 

2A 

-52 

i 

no 



I8XA 

(( 

31.28 

1-94 

1047.0 

1069.6 

5-77 

5.84 

ii 

tt 



III 



20XA 

i2i 

32.15 

2.09 

1074.8 

* 453-5 

5-77 

6.71 

*7 


t( 


II 2 



20Xi 

<( 

33.40 

2.31 

1 1 16.7 

*495.1 

5-77 

6.68 

tt 



it 

”3 



22Xi 

Hi 

34-40 

2.47 

**45.4 

1956.5 

5-76 

7.52 

*9 


tt 

tt 

114 



22XA 

(( 

35-78 

2.68 

1186.2 

20H.9 

5.75 

7.48 


tt 

tt 

** 

*15 

*5 

45.00 

i8X| 

loi 

33-09 

1.56 

1068.2 

1 1 27.9 

5.67 

5.82 

*5 

2f 

.62 

i 

116 



«8XA 

(t 

34-22 

1-77 

1112.0 

1158.2 

5.69 

5.81 


** 

tt 

it 

117 



20XA 

I2i 

35-09 

1.92 

1141.9 

1577.3 

5.69 

6.69 

*7 

tt 

tt 

it 

118 



20Xi 

<( 

36.34 

2.12 

1186.4 

1618.9 

5-70 

6.66 

ti 

tt 

tt 

II 

1 19 



22Xi 

I 4 I 

37-34 

2.28 

1217.2 

2120.7 

5.70 

7.52 

*9 

tt 

ft 

If 

120 



22XA 


38.72 

2.48 

1260,6 

2176.1 

5.70 

7.48 

it 

ft 

tt 

If 


57 
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TABLE 83. 
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TABLE 83. — Continued, 

PitopBRnEs OF Top Chord Sections. 


Properties of 
Highway Bridge 
Top Chord Sections. 


Four Angles 
and 

Three Plates. 


Section 

Number. 




Plates. 

Angles. 

Web. 

Cover. 

Top. 

Bottom. 

Inches. 

Inches. 

Inches. 

Inches. 




2jx2ixAr 3X2ixi 

<( t( 


2jx2jiA 3«ixA 

tc LC 


2 jx 2 ixA 3 X 2 ixi 


2ix2ixA 3x^ixA 

ll 4 < 


Eccen- 

1 Inertia | 

i tion. ' 1 

tricity. 

Axis 1 
A-A. 

Axis 

B-B. 

Axis 

A-A. 

Axis 

B-B. 

e 

! 

Ib 

ta 

tb 

Inches. 

Inches*. 

Inches*. 

Inches. 

Inches. ' 


12" X 14" Section. B Series. 



• Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 83. — Continued, 

Properties of Top Chord Sections. 


Propertks of 
Highway Bridge 
Top Chord Sectiona. 



Four Angles 
and 

Three Plates. 



Plates. 

1 Angles. 

i 

Eccen- 

Moments of 
Inertia. 

Radii of Gyra- 
tion. 

Section 

Number. 

Web. 

Cover. 

1 

Top. 

Bottom. 


tricity. 

Axis ' 
A-A. 

Axis 1 
B-B. 

Axis 

A-A. 

Axis 

B-B. 






A 

e 

Ia 

In 

Ta 

re 


Inches. 

Inchci. 

Inches. 

I Inches. 

Inches*. 

Inches. 

Inchest 

1 Inches*. 

Inches. 

Inches. 

14" X 16'' Section 

. A Series. 









3X331A 


3131A 3’t3iA 


546 5.49 

385 5-4> 

623 S-35 

660 5.29 

696 5.24 

731 S-I9 

76s S14 

570 5.58 

609 5.50 

647 5-43 

684 5.36 

720 5.30 

755 5-25 

789 5.20 

594 5-66 

633 5-58 

671 5-50 

708 5.42 

744 5-36 

779 530 

813 5-24 

618 5.72 

657 563 

69s 5-54 

732 5-47 

768 5.40 

803 5-34 

837 5.28 

641 5-77 

680 5.67 

718 5.58 

755 5-50 

791 5-43 

826 S.37 

860 5 32 


Spacing of rivet lines of web greater than 30 X thickness of plate. 


148 





TABLE 83. — Continued* 
Properties of Top Chord Sections. 


Properties of 

Highway Bridge 

Top Chord Sections. 






Four Angtet 
and 

Three Plates. 


aL 



pi? 

..M 

1 



. jfc 

4 

""i 

i 


JT 

L..I 



1 






Moments of ] 

Radii of Gyra- 


Plates. 

Angles. 




Inertia. 

tion. 







jrosa Area. 

iccen- _ 











Lricity. 

Axis 

Axis 

Axis 

Axis 

Section 








A-A. 

B-B. 

A-A. 

B-B. 

Number. 

Web 


Top. 











A 

e 

Ia 

Ib 

ta * 

rB 


Inches. 

Inches. 

Inches. 

Inches. 

Inches*. 

Inches. 

nches*. ! 

nches*. 

Inches. 

inches 

*Io6 

I4xj 

l6x| 

a 

3x3xA 


23.28 

1.05 

784 

665 

5.80 

5-34 

*107 

“ A 

ii 

ii 


25.03 

0.98 

814 

704 

5-70 


108 

“ i 

n 

it 

ti 


26.78 

0.92 

844 

742 

5.61 

5.26 

109 

“ A 

it 

it 

tt 


28.53 

0.86 

875 

779 

5-53 

5.22 

no 

“ \ 

a 

a 

ii 


30.28 

0.81 

904 

815 

5.46 

5-19 

III 

“ A 

u 

It 

“ 


12.01 

0.76 

934 

850 

5-39 

S-iS 

II2 

“T 

li 

“ 

“ 


33-78 

0.73 

963 

884 

5-34 

5-12 




14'' X 16" Section. 

B Series. 






♦113 

i4xi 

i6xi 

it 

4X3 xA 

20.74 

1.87 

654 

590 

5.62 

5-33 

*114 

“ A 

c< 

“ 


22.49 

1.72 

689 

629 

5-53 

5.29 


“ r 

“ 

“ 

ti 


24.24 

1.60 

722 

607 

5.46 

5-24 

I16 

“ A 

(( 

(( 

t( 


25.99 

1-49 

755 

704 

5-39 

5.20 

II7 

“ i 

{( 


ii 


27.74 

1.40 

788 

740 

5-33 

5.16 

118 

“ A 

<i 

tt 

it 


29.49 

1-32 

819 

775 

527 

5 12 

II9 

“ i 

<< 

ii 

ii 


31.24 

1.24 

851 

809 

5.22 

5.08 

*120 

14x1 

i6x| 

3 x 3 xA 

Ami 

21.52 

1-57 

704 

624 


5.38 

*121 

“ A 

(< 


t 


23.27 

1.46 

736 

663 

5.62 

5-34 

122 

“ i 

(i 

(( 

1 


25.02 

I 36 

768 

701 

5-54 

5.29 

123 

“ A 

it 

(( 

t 


26.77 

I 27 

800 

738 

5.46 

5-25 

124 

“ i 

{( 

it 

t 


28.52 

I 19 

811 

774 

5.40 

5.21 

125 

“ A 

<( 

a 

i 


30.27 

I 12 

862 

809 

5 34 

5-17 

126 

“ r 

ti 

“ 

f 


32.02 

1.06 

892 

843 

5.28 

5-13 

*127 

I4xi 

i6x| 

3x3xA 

it 

I 4x3xA 

22.30 

1.31 

748 

658 

579 

5-43 

*128 

“ A 

it 



24.05 

1. 21 

780 

697 

5-69 

5.38 

129 

“ J 

*« 

ti 



25.80 

1.13 

810 

735 

5.60 

5-33 

130 

“ A 

(( 

ti 



27-55 

1.06 

841 

772 

5-52 

5 29 

131 

“ i 

(( 

ti 



29.30 

1. 00 

872 

808 

5-45 

5-25 

132 

“ A 

it 

“ 



3* -05 

0.94 

902 

843 

538 

5.21 

133 

“ 1 

it 




32.80 

0 89 

932 

877 

5-33 

S-I7 

*134 

I4xi 

i6xi 

3 x 3 xA 

Ami 

23.06 

1.08 

787 

690 

5.84 

5-47 


“ A 

it 

(1 

‘ 


24.81 

1. 00 

817. 

729 

5-73 

5-42 

116 

“ 1 

ti 

it 

i 


26.56 

0.93 

848 

767 

5.6s 

5-37 

117 

“ A 

it 

tt 

i 


28 31 

0.88 

877 

804 

5 56 

5.32 

118 

“ r 

a 

tt 

“ 

30.06 

0.83 

907 

840 

S-49 

5.28 

119 

“ A 

ti 

tt 

‘ 


31.81 

0.78 

938 

875 

5-42 

5-24 

1 

140 


it 

tt 

1 “ 

33 56 

0.74 

967 

909 

5-37 

5.20 

1 * Spacine of rivet lines of web greater than 30 X thickness of plate. | 



TABLE 83. — ConUnued, 
Properties of Top Chord Sections. 



k 


Section 

Nuinb|r. 

Plates. 

Angles. 

Gross Area. 

Eccen- 

tricity. 

Moments 
of Inertia. 

Radii of Gyra- 
tion. 

Web. 

Cover. 

Top. 

Bottom. 

Axis 

A-A. 

Axis 

B-B. 

Axis 

A-A. 

Axis 

B-B. 

A 

e 

Ia 

Ib 

ta 

Tb 


Inches. 

Inches 

Inches. 

Inches. 

Inches*. 

Inches. | Inches*. ! Inches*. 

Inches. 

Inches. 

*141 

I4xi 

l6x| 


4 x 3*A 

23.80 

0.85 

824 

724 

5.88 

5-51 

*14* 

“ A 




25-55 

0.79 

853 

763 

5-77 

5-47 

143 

“ i 

(< 

“ 

44 

27.30 

0.74 

883 

801 

5.68 

5-42 

144 

“ A 

({ 



29.05 

0.69 

913 

838 

5.60 

5-37 

14s 

“ i 




30.80 

0.65 

942 

874 

5-52 

5-32 

146 

A 

> <( 

44 

44 

32.55 

0.62 

971 

909 

5.46 

5.28 

147 

« j 




34.30 

0.59 

1000 

943 

5-40 

S-24 

*148 

I4xi 

i6xi 

3 x 3 xA 

4x3x1 

24.52 

0.65 

856 

756 

5-91 

5-SS 

*149 

:: 

(4 


44 

26.27 

0.61 

' 884 

795 

5.80 

5-50 

ISO 

“ 1 




28.02 

0.57 

914 

833 

5.71 

5-45 

151 





29-77 

0-54 

942 

870 

5.62 

5.41 

IS2 

“ i 




31.52 

0.51 

972 

906 

5-55 

5.36 

IS3 

ITp 

“ 



33-27 

0.48 

lOOI 

941 

5.48 

5-32 

154 

' t 

“ 



35-02 

0.46 

1030 

975 

5.42 

5.28 

14" X 17" Section, 

*155 

I4xJ 

•7xf 

3 >c 3*A 

4*3*A 

21.12 

1.96 

665 

704 

5.61 

5-77 

*156 

“ P 


44 


22.87 

1.82 

699 

751 

5-52 

5-73 

157 

“ i 

« 

44 

it 

24.62 

1.69 

734 

797 

5-45 

5.68 

158 

“ A 

« 

44 

it 

26.37 

1-57 

767 

842 

5-39 

'5.65 

159 

“ i 

(4 

44 

44 

28.12 

1-47 

800 

886 

5-33 

S.61 

160 


ft 

ft 


29.87 

1.39 

833 

929 

5.28 

5-57 

161 

“ i 


** 

“ 

31,62 

1.31 

864 

971 

5.22 

5-54 

. *162 

I4xi 

mi 

3*3*A 

4*3*1 

21.90 

1.67 

715 

743 

S-71 

5.82 

*163 

“ ^ 

u 

44 

“ 

23.65 

1-55 

748 

790 

5.62 

5-77 

164 


it 

44 

44 

25.40 

1-44 

780 

836 

5-54 

5-73 

i6s 

P 

it 

it 

44 

27-15 

I-3S 

813 

881 

5-47 

5.69 

166 

“ i 

44 

44 

44 

28.90 

1.27 

845 

925 

5-41 

5-65 

167 

:: p 

44 

44 

44 

30.65 

1. 19 

87s 

968 

5-35 

5-62 

168 

“ t 




32.40 

1. 13 

907 

1010 

5.29 

5.58 

•169 

i4xi 

1 7x1 

3*3*A 

4*3*A 

22.68 

1.40 

761 

781 

5-79 

5.86 

*170 

!! P 




24.43 

1.30 

792 

828 

5.69 

i.82 

171 

“ i 

,44 

it 

44 

26.18 

1.22 

824 

874 

5.60 

5-77 

172 





27-93 

1. 14 

8?5 

919 

5-53 

5-73 

173 

“ i 

it 

44 

44 

29.68 

1.07 

886 

963 

5.46 

S-69 

174 

;; p 



44 

3143 

I.OI 

917 

1006 

5.40 

S-6S 

I7i 

“ 1 

44 

44 

44 

3318 

0.96 

946 

1048 

5-34 

S.61 


* Spacing of rivet lines of web greater than 30 X thiclcne— of plate. 
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TABLE 83. — Continued. 

Properties of Top Chord Sections. 


Properties of 
. Highway Bridge 
Top Chord Sections. 



Four Angles 
and 

Three Plates. 


Section 

Number. 


Moments of Radii of Gyra- 
1 _ Inertia. tion. 

Gross Area, 

Axis Axis Axis Axis 
A>A. B-B. A-A. B-B. 


Inches. Inches*. Inches. Inches*., Inches*. Inches. Inches. 


3x3xA 4^34 


3x3xAr 4 x3xA 


3x3xA 4X3x| 


3x3xA 4x3xH 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 83. — Continued, 


Properties of Top Chord Sections. 













Properties of 

1 

41 ... 

1 

u 


Four Angles 


Highway Bndge 

Top Chord Sections. 

i " 

1 

J 

i 

f 

L.i 

J 

and 

Three Plates. 

Section 

Number. 

Plates. 

Angles. 

Gross Area 

Eccen- 

Moments of 
Inertia. 

Radii of Gyra- 
tion. 

Web. Cover. 

Top. 


1. 

tricity. 

Axis 

A- A. 

Axis 

H-B. 

Axis 

A-A. 

Axis 

B-B. 





A 

e 

Ia 

Ib 

ta 

tb 

Inches. Inches. 

Inches. 

Inches 

Inches*. 

Inches. 

Inches^. 

Inches^. 

Inches. 

Inches. 




S " X 17 

" Section. 






•209 

iSxA 17^1 

3x3 X A 

<4 

4x3x1’ 


23.50 

1.89 

821 

766 

5.91 

5-71 

*210 

u 1 


25.38 

I- 7 S 

862 

816 

5.83 

5.67 

211 

“ A 

(< 

44 

27.25 

1.63 

902 

865 

5-75 

5 -63 

212 

“ i 



29.13 

1-52 

942 

912 

5.68 

5-59 

213 

“ A 

n 

tt 

31.00 

1-43 

983 

958 

5.62 

5.56 

214 

“ 1 



32.88 

1-35 

1021 

1003 

5-57 

5-52 

215 



tt 

3475 

1.28 

1059 

1047 

5-52 

5-49 

216 

4 


tt 

36.63 

1.21 

1097 

1090 

5-47 

3.46 

*217 

iS^tA I 7 xf 

33 t 3 xA 

a 

4x3 X 

tt 


24.28 

1.61 

877 

807 

6.01 

5.76 

*218 

“ j 


26.16 

1-49 

917 

857 

5.92 

5-72 

219 

“ A 

it 


28.03 

i 1-39 

956 

906 

3.84 

5.68 

220 

“ } “ 



29.91 

1.31 

994 

953 

5.76 

5.64 

221 

!! p !! 



3>-78 

1.23 

1033 

999 

5-70 

5.60 

222 


** 

tt 

33.66 

1. 16 

1071 

1044 

5.64 

5-57 

223 

“ a 


ti 

35-53 

1. 10 

1 108 

1088 

5.58 

5-54 

224 

U J 



37.41 

1.05 

1145 

1131 

5-53 

5-50 

*225 

I 5 xA I 7 xi 

3 ^ 3 ’' A 

4x3=11 


25.06 

1.36 

929 

845 

6.08 

5.81 

*226 

:: “ 



26.94 

1 .26 

967 

8951 

5.98 

5.76 

226 

A 



28.81 

1. 18 

1005 

944 

5.90 

5-72 

227 

“ 1 “ 

ti 


30.69 

I. II 

1042 

991 

5.82 

5.68 

228 

“ A 

tt 


32.56 

1.04 

1080 

1037 

5.76 

5.64 

229 

“ i 

tt 


34-44 

0.99 

1117 

1082 

5.69 

3.61 

230 

“ H 

tt 


36.31 

0.94 

1154 

1126 

5.63 

3-37 

231 

44 ^ 44 



38.19 

0.89 

1191 

1169 

S-S8 

3-33 

•232 

IS^A I 7 x| 

3x3* A 

tt 

4 x 3 xJ 

25.82 

1. 13 

973 

883 

6.14 

3.84 

*233 

“ i 


27.70 

1-05 

1010 

933 

6.04 

5.80 

234 

“ A 

tt 


29.57 

0.99 

1047 

982 

5-95 

3.76 

23s 

“ j “ 

tt 


3145 

0.93 

1084 

1029 

5.87 

3-72 

236 

<t * (( 

tt 


33-32 

0.88 

1121 

1075 

5-79 

5.68 

237 

ti S t ( 

it 


35*20 

0.83 

1158 

1 1120 

3-73 

3.64 

238 

ft 11 (( 

tt 


37-07 

0.79 

1194 

1 1164 

3.68 

5.61 

239 

«« J 

tt 


38.95 

0.75 

1230 

1207 

5.62 

s - r / 

* Spacing of rivet lines of web greater than 30 X thickness of plate. | 
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TABLE 83. — Continued. 
Properties of Top Chord Sections. 



Properties of 



— 




Four Angles 


11 

" 


■P 

Highway Bridge 

Top Chord Sections. 

1 






_ ..c 


and 

Three Plates. 


4 



r 

JT 

ul 



J 



Section 

Number. 

Plates. 

Angles. 

Gross Area. 

Eccen- 

tricity. 

Moments of 
Inertia. 

Radii of Gyra- 
tion. 

Web. 

Cover. 

Top. 

Bottom. 

Axis 
A- A. 

Axis 

B-B. 

Axis 

A-A. 

Axis 

B-B. 

A 

e 

Ia 

1b 

Ta 

Tb 


Inches. 

Inches. 

Inches. 

Inches. 

Inches*. 

Inches. 

Inches*. 

Inches*. 

Inches. 

Inches. 

*240 


1 7x1 

3 x 3 xA 

4 < 

4 x 3 xA 

26.56 

0.91 

1016 

920 

6.18 

5.88 

*241 

“ I 

i( 


it 


28.44 

0.85 

1052 

970 

6.08 

s-84 

242 

“ A 

(( 

it 


it 


30.31 

0.80 

1089 

1019 

5*99 

5.80 

243 

“ i 






32.19 

0.75 

1125 

1066 

5*91 

5 -76 

244 

A 

(( 

it 


it 


34.06 

0.71 

II61 

III2 

5 -84 

5*72 

24s 

“ i 

“ 

it 




35*94 

0.68 

1197 

”57 

5*77 

5.68 

246 


(( 

it 


it 


37.81 

0.64 

1233 

1201 

5*71 

5.64 

247 

“ i 


it 


ii 


39.69 

0.61 

1269 

1244 

5.65 

5.60 

*248 

15 ''A 

I 7 xi 

(( 

3 x 3 xA 

i< 


4 x 3 xi 

27.28 

0.72 

1055 

959 

6.22 

5.92 

•249 

“ i 


it 


29.16 J 

0.67 

1091 

1009 

6.12 

5.88 

250 

“ A 

“ 

it 


ii 


31.03 1 

0.63 

1127 

1058 

6.03 

s-84 

251 

“ i 


it 


it 


32.91 

0.60 

1162 

1105 

5*94 

5 -80 

252 

fs 

“ 





34.78 

0.57 

1199 

1151 

5.87 

5*75 

253 

1 




ii 


36.66 

0.54 

1234 

1196 

5.80 

5*71 

254 

“ H 

(( 

ii 


it 


38-53 

0.51 

1270 

1240 

5*74 

5.67 

25s 

“ i 


it 


ii 


40.41 

0.49 

1305 

1283 

5.68 

5 -63 

*256 

« 5 *A 

1 7*1 

3x3x1V 


28.00 

0.54 

1089 

995 

6.24 

5 -96 

*257 

“ 1 

it 


ii 


29.88 

0.51 

1124 

1045 

6.14 

5*91 

258 

“ A 

“ 

ii 


it 


1 31*75 

0.48 

1160 

1094 

6.04 

5*87 

259 

“ i 

(< 

ii 


it 


1 33*^3 

0.45 

1195 

1141 

5 -96 

5.82 

260 

“ ^ 

<( 

ii 


it 


35*50 

0.43 

1231 

1187 

5-89 

5.78 

261 

“ 1 

“ 

ii 


ii 


37-38 

0.41 

1267 

1232 

5.82 

5-74 

262 

“ H 

it 

ii 


(i 


39.25 

0.39 

1302 

1276 

5*76 

5.70 

263 

“ i 

it 



it 


41.13 

0.37 

1337 

1319 

5*70 

5.66 

1 XS" X 18" Section. | 

*264 


i8xA 

SxjxA 


4 x 3 xA 

25.00 

2.25 

872 

931 

5.90 

6.10 

*265 

“ i 

it 

it 


it 


26.88 

2.09 

915 

991 

5.83 

6.07 

266 

“ ^ 


ii 


(t 


28.7s 

1.95 

958 

1050 

5-77 

6.04 

267 

“ 1 

(( 

it 


Ii 


30.63 

1.83 

1000 

1108 

5*71 

6.01 

268 


it 

it 


it 


32.50 

1*73 

1042 

1164 

5.66 

5 -98 

269 

“ 1 

<< 

it 


it 


34-38 

1.64 

1082 

1219 

S.61 

5-95 

270 

** 

it 

ii 


It 


36.25 

1*55 

1122 

1272 

5.56 

5.92 

271 

“ r 

it 

It 


It 


38.13 

1*47 

1161 

1324 

5-52 

5.89 

* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 83. — Continued. 

Propbstibs of Top Chord Sections. 


r'Trinr 

Properties of AL | — ..JA Four Angles 

Highway Bridge { 4 -C and 

Top Chord Sections. 4 > A Three Plates. 

iJ i L.1 




Section 

Number. 

Plates. 

Angles. 

Gross Area. 

Eccen- 

Moments of 
Inertia. 

Radii of Gyra- 
tion. 

Web. 

Cover. 

Top. 

Bottom. 

tricity. 

Axis 

A-A. 

Axis 

B-B. 

Axis 

A-A. 

Axis 

B-B. 






A 

e 

Ia 

Ib 

rx 

tb 


Inches. 

Inches. 

Inches. 

Inches. 

Inches*. 

Inches. 

Inches*. 

Inches*. 

Inches. 

Inches. 

♦272 

isxA 

i8xA 

3 x 3 xA 

4x3x1 

25.78 

1.97 

933 

976 

6.01 

6.15 

•273 

i 


“ 

27.66 

1.84 

974 

1036 

5-93 

6.12 

274 

A 




29 o "3 

1.72 

1015 

1095 

5.86 

6.09 

275 

“ 1 

“ 



31.41 

1.62 

1055 

1153 

5.79 

6.06 

276 

“ A 

“ 


it 

33.28 

1.53 

1096 

1209 

5.73 

6.02 

277 

i 


“ 

is 

35. J6 

1.45 

1135 

1264 

5.68 

5-99 

278 

“ H 



ii 

37-03 

1.37 

1174 

1317 

5.63 

5.96 

279 

ti a 

4 




38.91 

I.31 

1212 

1369 

558. 

5-93 

•280 

I 5 *A 

i8xA 

(< 

3x32 A 

4232A 

ii 

26.56 

1.72 

988 

1020 

6.10 

6.20 

•281 

“ i 

28.44 

I.61 

1028 

1080 

6.01 

6.16 

282 




ii 

30.31 

I.51 

1068 

1139 

5.93 

6.13 

283 

“ i 




32.19 

1.42 

1107 

1197 

5.86 

6.09 

284 

“ ff 




34.06 

1.35 

1146 

1253 

5-79 

6.06 

28s 



“ 


33-94 

1.28 

1184 

1308 

5-74 

6.03 

286 

f* 



“ 

37.81 

1. 21 

1222 

1361 

5-68 

6.00 

287 

“ i 

<< 

ii 

ii 

39.69 

1. 15 

1260 

1413 

5.63 

5-97 

♦288 

is^A 

i8xA 

3X31A 

n 

4 X 3 xi 

it 

! 

27.32 

1.50 

1038 

1063 

6.16 

6.24 

*289 

“ i 

29.20 

1.40 

1077 

1123 

6.07 

6.20 

290 

“ A 



ti 

31.07 

1.32 

1115 

1182 

5-99 

6.17 

291 

i 


“ 

“ 

32.95 

1.24 

1153 

1240 

5.92 

6.14 

292 

“ p 



it 

34.82 

1. 18 

1192 

1296 

5.85 

6.10 

293 

1 


(( 

** 

36.70 

1. 12 

1229 

1351 

5-79 

6.07 

294 



(< 

tt 

38.57 

1.06 

1266 

1404 

5.73 

6.04 

29s 

“ i 


it 

tt 

40.45 

I.OI 

1303 

1456 

5.68 

6.00 

♦296 


i8xA 

H 1 

3 x 3 xA 

4 X 3 xA 

28.06 

1.28 

1085 

1107 

6.21 

6.28 

*297 

“ 1 

“ 

tt 

29.94 

1.20 

1123 

1167 

6.12 

6.24 

298 

:: 

(( 

(( 

tt 

tt ' 

31.81 

1. 13 

1160 

1226 

6.04 

6.20 

299 

“ i 


<( 


33.69 

1.07 

1197 

1284 

5.96 

6.17 

300 


<< 

it 

« 

35-56 

I.OI 

1235 

1340 j 

5.89 

6.14 

301 ! 

i 


it 

tt 

37-44 

0.96 

1272 

1395 

5.83 

6.10 

302 




tt 

39.31 

0.92 

1309 

1448 

s-77 

6.06 

303 

1 

“ 1 




41.19 

a. 88 

1345 

1500 

S-71 

6.03 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 83. — Continued, 


Properties of Top Chord Sections. 














Properties of 

'"1 

4 L.- 



IF 

u 


Four Angles 


Highway Bridge 

Top Chord Sections. 

4 -- 

3 


L.t 

and 

Three Plates. 

Section 

Number. 

Plates. 

Angles. 


Eccen- 

Moments of 
Inertia. 

Radii of Gyra- 
tion. 

Web. Cover. 

Top. 


Bottom. 


tricity. 

Axis 

A-A. 

Axis 

B-B. 

Axis 

A-A. 

Axis 

B-B. 






A 

e 

Ia 


ta 

Tb 


Inches. Inches. 

Inches. 

Indies. 

Inches*. 

Inches. 

Inches*. 

Inches*. 

Inches. 

Inches. 

*304 

iSxA i 8 xA 

3 * 3 xA 

4 X 3 X 


28.78 

1.09 

1127 

1149 

6.26 

6.31 


“ i 

it 

(( 


30.66 ! 

1.03 

1164 

1209 

6.16 

6.27 

306 

“ A 


« 


32-53 

0.97 

1201 

1268 

6.07 

6.24 

307 

“ j ‘‘ 




34-41 

0.92 

1237 

1326 

5-99 

6.20 

308 





36.28 

0.87 

1275 

1382 

5-92 

6.17 

309 

« 1 




38.16 

0.83 

I3I I 

1437 

5.86 

6.14 

310 

“ H 

ii 



40.03 

0.79 

1347 

1490 

5.80 

6.10 

311 





41.91 

0.75 

1383 

1542 

5-74 

6.06 

•312 

ISXA i8xA 

3 Jt 3 ^A 

4 >' 3 xtt 

29.50 

0.92 

1165 

I I9I 

6.28 

6.36 

*313 

“ } 




31.38 

0.86 

1202 

1251 

6.19 

6.32 

3 H 

“ A 


<( 


33-25 

0.81 

1238 

1310 

6.10 

6.28 

31S 

“ i 


(4 


35-13 

0.78 

1274 

1368 

6.02 

6.24 

316 

A “ 




37.00 

0.73 

I3II 

1424 

5-95 

6.20 

317 

“ 1 

« 

<( 


38.88 

0.69 

1347 

1479 

5.88 

6.16 

318 

“ H 

(( 

<( 


40.75 

0.66 

1383 

1532 

5.82 

6.13 

319 

“ J 

({ 

{( 


42.63 

0.63 

1419 

1584 

5.76 

6.09 

* Spacing of rivet lines of web greater than 30 X thickness of plate. j 


m 





TABLE 84. 

Properties of Top Chord Sections. 


Properties 

of 

Top Chord Sections. 







Four Angles 
and 

Three Plates. 


r '=\ 

XL.._ 

1 


r 

-rt 

4 

]=/ 



u! 


i 











Moments of 

Radii of Gyra- 



nates. 

Angles. 




Inertia. 

tion. 









Eccen- 


























tricity. 

Axis 

Axis 

Axis 

Axis 

Section 









A-A. 

B-B. 

A- A. 

B-U. 

Number. 

Web. 

Cover. 

Top. 

Bottom. 














A 

c 

I.A 

In 

lA 

r« 


Inches. 

Inches. 

Inches. 

Inches. 

Inches*. 

Inches. Inches*. 

Inches*. 

Inches. 

Inches. 





IS" X 18 

" Section. 

A series. 






’^lOOI 

15*1 

l8xA 

3 ^ 3 x 1 

4 * 3*1 

28.31 

1.96 

988 

1067 

5-91 

6.14 

1002 

1 


“ 

ii 


30.19 

1.84 

1029 

1126 

5.84 

6.1 1 

1003 

“ i 



ii 


32.06 

1-73 

1070 

1184 

5.78 

6.08 

1004 

1 

h 





33-94 

1.63 

1 1 12 

1240 

5-72 

6.05 

1005 

*t 5 

J 


<< 

<4 


35-81 

1.55 

II5I 

1295 

5.67 

6.01 

1006 

“ tt 


it 

ii 


37.69 

1.47 

1 191 

1348 

5.62 

5 -98 

1007 

“ i 





39-56 

1.40 

1229 

1400 

5.58 

5-95 

•1008 

i 5 *i 

i8xA 

3 ’= 3 ’ti 

4x3 X A 

29.09 

1-73 

1043 

1 1 1 1 

5-99 

6.18 

1009 

1 




it 


30.97 

1.62 

1084 

1170 

5.92 

6.IS 

lOIO 






32.84 

1-53 

1123 

1228 

5.85 

6.11 

101 X 

(< 

*4 1 




it 


34-72 

1-45 

1 163 

12 84 

5-79 

6.08 

1012 




** 



36.39 

1.37 

1202 

1339 

5.73 

6.05 

1013 

“ ti 


«* 



38.47 

1.30 

1241 

1392 

5.68 

6.01 

1014 

U J 





40.34 

1.24 

1279 

1444 

5-63 

3-98 

*1015 


i8xi^r 

3 * 3*1 

4 * 3 *i 

29.85 

1.52 

1093 

1156 

6.05 

6.22 

1016 

1 

h 


it 


31-73 

1-43 

1132 

1215 

5-97 

6.19 

1017 

“ ! 


“ 




33-60 

1-35 

II7I 

1273 

5.90 

6.15 

1018 





ii 


35.48 

1.28 

1210 

1329 

5-84 

6.12 

1019 





it 


37.35 

1. 21 

1248 

1384 

s-78 

6.09 

1020 


i 


** 



39-23 

1. 15 

1286 

1437 

5-73 

6.05 

1021 







41.10 

1. 10 

1323 

1489 

5.67 

6.02 

^1022 

15x1 


i8x^ 

3 * 3 *i 

4 * 3 *A 

30.59 

1.32 

1140 

1199 

6.10 

6.26 

1023 


Ar 

** 

** 



32-47 

1.25 

1178 

125H 

6.02 

6.22 

1024 







34-34 

1. 18 

1216 

1316 

5-95 

6.19 

1025 


fir 

(( 


ii 


36.22 

1. 12 

1255 

1372 

5.89 

6.16 

1026 

“ 1 


C 4 


ii 


38.09 

1.06 

1292 

1427 

5.83 

6.12 

1027 

“ 

i 

{( 

it 

ii 


39-97 

I.OI 

1329 

1480 1 

5-77 

6.08 

1028 



** 1 


ii 


41.84 

0.97 

1366 

1532 

5-71 

6.05 

*1029 

151I 

i8xiV 

3 * 3*1 


4 *;* 


31.31 

1. 15 

1183 

1241 

6.15 

6.30 

1030 


fV 

<< 

1 



33-«9 

I.OS 

1220 

1300 

6.06 

6.26 

1031 



(i 

t< 

it 


35-06 

1.02 

1257 

1358 

5-99 

6.22 

1032 



** 

H 



36.94 

0.97 

1295 

1414 

5-92 

6.19 

1033 

** 

I 

n 

it 

it 


38.81 

0.93 

1332 

1469 

5-86 

6.15 

1034 



it 

ii 

it 


40.69 

0.88 

1368 

1522 

5.80 

6.12 

1035 



it 

it 

it 


42.56 

0.84 

1405 

1574 

5-75 

6.08 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 84. — Continued, 
Properties of Top Chord Sections. 






Properties A\ 

of • 

— 

— 

1.4 Four Angles 

m.C: and 

Top Chord Sections. Cf 

' ! 


r Three Plates. 

1=1 

! 

1 

1 

Lt 


Section 

Number. 

Plates. 

Angles. 

Gross Area. 

Eccen- 

Moments of 
Inertia. 

Radii of Gyra- 
tion. 

Web. 

Cover. 

Top. 

Bottom. 

tricity. 

Axis 

A-A. 

Axis 

B-B. 

Axis 

A-A. 

Axis 

B-B. 

A 

e 

Ia 

Ib 

Ta 

tb 


Inches. 

Inches. 

Inches 

Inches. 

Inches®. 

Inches. 

Inches*. 

Inches*. 

Inches. 

Inches. 

^036 

iS’t* 

iSxre 

3 ’t 33 ti 

4 X 3 x|i 

32.03 

0.98 

1223 

1284 

6.18 

6.33 

1037 

Tff 


33-91 

0 92 

1260 

1343 

6.10 

6.29 

1038 

“ i 

(( 


it 

35-78 

0.87 

1297 

1401 

6.02 

6.25 

1039 

<< 9 

IT 

<( 


it 

3766 

0.83 

1334 

1457 

5-95 

6.22 

1040 

“ 1 


“ 


39-53 

0.79 

1370 

1512 

5.89 

6.19 

1041 

“ ii 

(< 

ti 

(( 

41.41 

0.76 

1406 

1565 

5-83 

6.15 

1042 

“ 1 

4 

it 

it 


43.28 

0.72 

1442 

1617 

5-77 

6 .II 

♦1043 

15x3 

l8xA 

}x^xl 

4 x 3 x} 

32.73 

0.82 

1259 

1327 

6.20 

6-37 

1044 

A 



34.61 

0.78 

1295 

1386 

6.12 

6-33 

1045 

“ i 

** 


** 

36.48 

0.74 

1331 

1444 

6.04 

6.29 

1046 

u P 

(< 

ti 

it 

38.36 

0.70 

1368 

1500 

5-97 

6.25 

1047 

8 




40.23 

0.67 

1404 

1555 

5.90 

6.22 

1048 

“ H 

<( 

“ 

“ 

42.11 

0.64 

1440 

1608 

5.85 

6.18 

1049 

« 4 

4 



“ 

43.98 

0.61 

H 7 S 

1660 

5-79 

6.14 

is'' X 18" Section. B Series. 

1050 

i 5 xi 

i8x| 

(( 



29.06 

1.50 

1035 

1042 

5.96 

5.98 

1051 

A 



30.94 

I.4I 

1074 

1090 

5.89 

5-93 

1052 

“ i 




32.81 

1-33 

1113 

1137 

5.82 

5.88 

1053 




<4 

34-69 

1.26 

1151 

1183 

5 -76 

5-84 

1054 

“ i 

{( 

a 

“ 

36.56 

1.20 

1190 

1228 

5.70 

5-79 

1055 

“ H 

“ 

it 

it 

38.44 

1. 14 

1227 

1272 

5.65 

5-75 

1056 

“ i 

“ 

it 

“ 

40.31 

1.08 

1265 

1315 

5.60 

5-71 

1057 

ISJ^I 

i8x| 

32 X 32 xi 

5 x 3 ixA 

30.02 

1.25 

1095 

1095 

6.04 

6.04 

1058 

“ A 

it 

31.90 

1. 18 

1133 

1143 

596 

5-99 

IOS 9 

“ J 

(t 

a 

tt 

33-77 

i.ii 

1170 

1190 

5.89 

5-94 

10^ 

'* A 

(i 


it 

35-65 

1.05 

1207 

1236 

5.82 

5.89 

1061 

'* i 

t( 

it 


37-52 

1. 00 

1245 

1281 

5.76 

5.84 

1062 

" ii 

• ft 

it 

{( 

39.40 

0.95 

1282 

1325 

S.7O 

5.80 

1063 

‘ i 

■< 

it 

If 

41.27 

0.91 

1319 

1368 

5.65 

575 

1064 

is^i 

I8xi 

3 i’t 3 ixi 

5 x 3 Jxi 

30.96 

1.02 

1149 

1148 

6.09 

6.09 

1065 

“ ^ 

( 

(( 


32.84 

0.96 

1186 

1196 

6.00 

6.03 

1066 

“ J 

(t 


ii 

3471 

0.91 

1222 

1243 

5-93 

5.98 

1067 

“ A 

(t 

it 

« 

36.59 

0.86 

1259 

1289 

5.86 

5-93 

1068 

1 

(( 

it 

tt 

38.46 

0.82 

1296 

1334 

5.80 

5.88 

1069 

“ t* 

“ 

a 

tt 

40.34 

0.78 

1332 

1378 

5-74 

5.84 

1070 

1 

“ 

“ 

it 

42.21 

0.7s 

1368 

1421 

5-69 

5.80 

* spacing ot rivet lines of web greater than 30 X thickness of plate. | 
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TABLE 84 . — Continued, 

Properties of Top Chord Sections. 


Properties 

of 

Top Chord Sections. 


-4— t 


Four Angies 
and 

Three Plates. 


Section 

Number. Web. Cover. 


Moments of Radii of Gyra- 
_ Inertia. tion. 

E^n- 

tricity, ^xis j Axis Axis 

A-A. B-B. A-A. j B-B. 


Inches. Inches. 


Inches*. Inches. Inches*. Inchest Inches. Inches. 


5x3 JxA 31-90 
33.78 




I S*3Jitt 


3 Jii 3 i 3 :f 5 * 3 ^ 


“ “ 42.08 

“ “ 4396 

“ 43-83 

is" X 19" Section. A Series 
3X3x| 4x3x1 28.7s 

“ 30-63 


JI.9O 0.80 1200 

33.78 0.7s 1236 

35.6s 0.71 1272 

37.53 0.68 1308 

39.40 0.65 1344 

41.28 0.62 1380 

431s 0.59 1416 

32.80 0.60 1246 

34.68 0.57 1282 

36.5s 0.54 1317 

38.43 0.51 1353 

40.30 0.49 1389 

42.18 0.47 1425 

44.05 0.4s 1460 

33.70 0.41 1289 

35.58 0.39 1325 

37.45 0.37 1360 

39-33 0-35 1395 

41.20 0.34 1431 

43.08 0.32 1467 

44.95 0.31 1502 

34.58 0.25 1326 

36.46 0.23 1361 

38.33 0.22 1396 

40.21 0.21 1431 

42.08 0.20 1467 

43.96 0.19 1502 

45.83 0.18 1537 



99 15x1 I9xfg 3x3x1 4x3x1 28.75 2-04 1002 

DO “A “ “ 30.63 1.92 1044 

DI “ J “ 32.50 1. 81 1086 

D 2 “ A “ ‘‘ “ 34.38 I.7I 1128 

03 “ 1 “ “ “ 36.25 1,62 1168 

04 “ H “ ‘‘ “ 38.13 I.S4 1207 

05 “ 40.00 1.47 1247 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 84. — Continued, 

Properties of Top Chord Sections. 


Properties 

of 

Top Chord Sections. 



Four Angles 
and 

Three Plates. 



Moments of Radii of Gyra- 
_ Inertia. tion. 

Eccen- 

tricity. Axis Axis Axis Axis 

A-A. B-B. A-A. B-B. 


Inches*. Inches. Inches^. Inches*. Inches. Inches. 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 84. — ConHnued, 
Properties of Top Chord Sections. 



Propertiet 






Four Angles 


aL 



..4^ 

of 

Top Chord Sections. 

4 " 

t 




. .. .41 


and 

Three Plates. 


J 

... 

i 

, 

Li 



1 



1 



Moments of 

Radii of Gyra- 


Plates. 

Angles. 



Inertia. 

tion. 








Eccen- 
























tricity. 

Axis 

Axis 

Axis 

Axis 

Section 








A-A. 

B-B. 

A-A. 

B-B. 

Number. 

Web. 

Cover. 

Top. 













A 

c 

U 

Ib 

ta 

rs 


Inches. 

Inches. 

Inches. 

Inches. 

Inches*. 

Inches. 

Inches^. 

Inches^. 

Inches. 

Inches. 

*1141 


19 *A 

3x3*1 


4x3x1 

33-17 

0.92 

1279 

1535 

6.21 

6.80 

1142 

A 

ti 

ii 



35-05 

0.87 

1316 

1603 

6.13 

6.77 

1143 

“ i 

it 

<4 



36.92 

0.82 

1352 

•673 

6.05 

6.73 

1144 

;; ^ 

it 

<( 


“ 

38.80 

0.78 

1388 

1740 

3.98 

6.70 

114s 

t 





40.67 

0.75 

1425 

1805 

5.92 

6.66 

1146 

“ ik 

ii 

<c 


(C 

42*55 

0.71 

1461 

1869 

5.86 

6.63 

1147 

u 1 

4 

ii 

(( 


“ 

44.42 

0.68 

1497 

1932 

5.81 

6.59 




is'' X 19" Section. 

B Series. 






1148 

15^1 


3 ix 3 ixi 

(< 

Sx 3 ixi 1 

30.62 

1.83 

1094 

1250 

5.98 

6.39 

1149 

“ A 

it 


ii 

32.50 

1.72 

”36 

1308 

5*91 

6.34 

1150 

“ i 


tt 



34*37 

1.63 

1176 

1365 

3.83 

6.30 

IISI 

“ A 

it 

«< 


ii 

36.25 

1*55 

1215 

1421 

5-79 

6.26 

1152 

“ i 





38.12 

1.47 

1255 

1476 

5-73 

6.22 

”53 

■ “ tt 





40.00 

1.40 

1294 

1530 

5-68 

6.18 

1154 

“ i 

ii 

it 


tt 

41.87 

1-34 

1333 

1583 

3-64 

6.14 

”55 

154 

I 9 *A 

3 ixpixi 


5x3 IxA 

31.58 

1.58 

1160 

1310 

6.06 

6.44 

1156 

A 

** 


ii 

3346 

1.49 

1200 

1368 

5 98 

6.39 

”57 

“ i 

** 



“ 

35-33 

1.41 

1239 

1425 

5*92 

6.33 

1138 

“ A 

it 



ii 

37.21 

1.34 

1277 

1481 

5.86 

6.31 

”59 

“ 1 

it 

ii 


ii 

39.08 

1.27 

i 3«7 

1336 

5.80 

6.27 

1160 

“ 





40.96 

1. 21 

1355 

1590 

5-75 

6.23 

1161 

“ i 

it 

it 


tt 

42.83 

1.16 

1392 

1643 

5 -70 

6.19 

1162 

15*1 

* 9 xA 

3 §x^ix| 


Sx 3 iiJ 

3 X -52 

1*35 

1218 

1371 

6.12 

6.49 

”63 

“ ^ 1 

' it 


ii 

34.40 

1.27 

1256 

1429 

6.04 

6.44 

1164 

“ i 

it 

it 


ii 

36.27 

1. 21 

1294 

i486 

5-97 

6.40 

1163 

“ ^ 

it 

tt 


tt 

38.15 

1. 15 

1332 

1542 

5*91 

6.36 

1166 

t 




“ 

40.02 

1.09 

1370 

1597 

5.85 

6.32 

1167 


it 

it 


tt 

41.90 

1.04 

1407 

1651 

5*79 

6.28 

1168 

“ i 

it 




43*77 

1. 00 

M 14 

1704 

5-74 

6.24 

1169 


«9xA 

3ixjiix| 

Sx 3 ixA 

33*46 

1.13 

1274 

1431 

6.17 

6.34 

1170 





35*34 

1.07 

1311 

1489 

6.09 

6.49 

1171 

“ i 

(( 

« 



37 ” 

1.02 

1348 

1546 

6.02 

6.45 

1172 

It 

it 

tt 


tt 

38.99 

0.97 

1385 

1602 

5-96 

6.41 

”73 

<( I 

it 

it 


tt 

40.86 

0.92 

1423 

1657 

5.90 

6.37 

”74 

t< 11 

it 

it 


tt 

42.74 

0.88 

1460 

17 ” 

5'84 

6.33 

”75 

it i 

it 

tt 


it 

44.61 

0.85 

1496 

1764 

3-79 

6.29 

1 • Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 84 . — Continued. 
Properties of Top Chord Sections. 



Properties 







Pour Angles 





r 

of 

Top Chord Sections. 

4 -- 

1^ 

-H 

£ 




L.t 


and 

Three Plates. 


S^tion 

Number 

Plates. 

Angles. 

Gross Area. 

Eccen- 

tricity. 

Moments of 
Inertia. 

Radii of Gyra- 
tion. 

Web. 

Cover. 

Top. 


Botto 

m. 

Axis 

A-A. 

Axis 

B-B. 

Axis 

A-A. 

Axis 

B-B. 


A 

e 

Ia 

Ib 

ta 

rs 


Inches. 

Inches. 

Inches. 

Inches, j 

Inches*. 

Inches. 

Inches^.Tnches^.j 

Inches. 

Inches. 

1 176 

isjti 

i^xA 

3 jx 3 Jx| 

H 


5x35^1 i 

34-36 

0.93 

1325 

1490 

6.21 

6.59 

1177 

A 


ii 


36.24 

0.88 

1362 

1548 

6.13 

6-53 

1178 

“ h 

“ 

(( 


ii 


38.11 

0.84 

1398 

1605 

6.06 

6.48 

1179 


“ 

(( 


a 


39*99 

0.80 

•434 

1661 

5*99 

6.44 

1 180 

“ 1 


<( 


a 


41.86 

0.76 

1472 

1716 

5*93 

6.40 

I181 

“ ii 

“ 

(( 


ii 


43*74 

0*73 

1508 

1770 

5.87 

6.36 

1182 

“ J 


** 


it 


45.61 

0.70 

1544 

1823 

5.82 

6.32 

1183 


I 9 xA 

<i 

5 x 3 ixH 

35.26 

0.74 

1372 

1549 

6.24 

6.63 

1184 

“ A 


it 


37*14 

0.70 

1408 

1607 

6.16 

6.58 

1185 

K 

it 

i( 


it 


39.01 

0.67 

1444 

1664 

6.08 

6.53 

1 186 

“ A 


(t 


tt 


40.89 

0.64 

1479 

1720 

6.01 

6.48 

1187 

“ i 

ti 

« 


it 


42.76 

0.61 

1516 

1775 

5*95 

6.44 

1188 

“ H 

H 

n 


it 


44.64 

0*59 

1552 

1829 

3-89 

6.40 

1 189 

« 1 

4 

(( 

it 


ii 


46.51 

0.56 

1587 

1882 

5-84 

6.36 

1 190 

«S 3 ti 

I 9 xA 

3 ix 3 i 3 'i 



36.14 

0.58 

1413 

1609 

6.25 

6.67 

II91 

** iV 

(( 


ii 


3802 

055 

1448 

1667 

6.16 

6.62 

1192 

“ } 

(( 

“ 


tt 


39-89 

0.52 

1484 

1724 

6.09 

6.57 

1193 

“ A 

(( 

«( 


ii 


4»-77 

0.50 

1520 

1780 

6.03 

6.52 

1194 

“ i 

(< 

it 


ii 


43-64 

0.48 

•556 

•835 

5*97 

6.48 

1195 

“ ii 

ii 

“ 


it 


45-52 

0.46 

1591 

1889 

5*91 

6-44 

1 196 

« 3 

4 

<( 

(( 


tt 


47-39 

0*44 

1627 

1942 

5.86 

6.40 

16" X 19" Section. A Series. | 

*1197 

i6x| 

I 9 xA 

3 X 3 x} 


4 X 3 xi 

29.49 

2.12 

1165 

1270 

6.28 

6.56 

1198 

“ A 


ii 


31*49 

1.99 

1216 

1344 

6.21 

6*53 

1199 

“ i 


a 




33*49 

1.87 

1265 

1417 

6.15 

6.51 

1200 

A 

“ 

“ 


it 


35*49 

1.76 

1315 

1488 

6 09 

6.48 

1201 

<( 5 

8 


(< 


It 


37 49 

1.67 

•364 

1558 

6.04 

6.45 

1202 

“ 

“ 

a 


tt 


39*49 

1.58 

1412 

1626 

5.98 

6.42 

1203 

u 3 

4 






41.49 

1.51 

1459 

1693 

5*93 

6.39 

*1204 

i6xi 

19^ A 

33 t 34 



30.27 

1.88 

1229 

1321 

6.37 

6.60 

1205 

“ A 

(( 





32.27 

1.77 

1278 

1395 

6 29 

6-57 

1206 

“ i 

“ 

ii 


({ 


34*27 

1.66 

1326 

1468 

6.22 

6.54 

1207 

“ A 

(( 

(( 


ii 


36.27 

1*57 

1374 

1539 

6.15 

6.51 

1208 

“ i 

<( 

(< 


tt 


38.27 

1*49 

1422 

1609 

6.09 

6.48 

1209 

“ fi 

<( 

{< 


ii 


40.27 

1.42 

1469 

1677 

6.04 

6.45 

1210 

“ i 






42.27 

1*35 

15*5 

1744 

5*99 

6.42 

* Spacing of rivet lines of web greater than 30 X thickness of plate. 


58 


161 





TABLE 84. — Continued. 

Propbrtibs of Top Chord Sections. 





Section 

Number 

Plates. 

Angles. 

Gross Area. 

Eccen- 

tricity. 

Moments of 

1 Inertia. 

1 Radii of Gyra- 
tion. 

Web. 

Cover. 

Top. 

Bottom. 

Axis 

A-A. 

Axis 

B-B. 

Axis 

A-A. 

Axis. 

B-B. 

A 

e 

Ia 

Ib 

rA 

re 

Inches. 

Inches. 

Inches. 

Inches. 

Inches*. 

Inches. 

Inches*. 

Inches*. 

Inches. 

Inches. 

16" X 19" Section. A Series. | 

♦1211 

i6x| 

' 9 xA 

3x3x1 

4 x 3 xJ 

31.03 

1.67 

1287 

1371 

6-45 

6.65 

1212 

A 


“ 


3303 

1.57 

1335 

1445 

6.36 

6.62 

1213 

“ 


“ 

“ 

3 5 03 

1.48 

1382 

1518 

6.28 

6.58 

1214 



“ 


37.03 

1.40 

1429 

1589 

6.21 

6.55 

1215 

1 


“ 

i« 

39.03 

1.32 

1476 

1659 

6.IS 

6.52 

1216 

" H 

“ 


ii 

41.03 

1.26 

1522 

1727 

6.09 

6.49 

1217 

u j 



it 

43.03 

1.20 

1567 

1794 

6.04 

6.46 

•1218 

i6x| 


3 x 3 xJ 

4 x 3 xA 

3177 

1.46 

1342 

1420 

6.50 

6.69 

1219 



** 


33.77 

1.38 

1389 

1494 

6.41 

6.6s 

1220 

1 




3577 

1.30 

1435 

1567 

6.33 

6.62 

1221 

« f 




3777 

1.23 

1481 

1638 

6.26 

6.58 

1222 

■ L 




39-77 

I.17 

1527 

1708 

6.19 

6.55 

1223 

H 




41.77 

I.II 

1572 

1776 

6.13 

6.52 

1224 

u } 




43-77 

1.06 

1617 

1843 

6.08 

6.49 

*1225 

i6xf 

i 9 itA 

3 xpx| 

4x3*1 

32-49 

1.28 

1392 

1467 

6.55 

6.72 

1226 

“ A 




34.49 

1.20 

*438 

1541 

6.46 

6.68 

1227 

} 




36.49 

I.I4 

*483 

1614 

6.37 

6.6s 

1228 

u F 




38.49 

1.08 

1528 

i68s 

6.30 

6.62 

1229 

“ L 




40.49 

1.03 

1573 

1755 

6.23 

6.58 

1230 





42.49 

0.98 

1618 

1823 

6.17 

6.5s 

1231 

1 




44.49 

0.93 

1662 

1890 

6 II 

6.52 

*1232 

i6xi 


3xpx| 

4 x 3 xii 

33-21 

I.IO 

1439 

1516 

6.58 

6.76 

1*33 

- ^ 



it 

35-21 

1.04 

1484 

15C/5 

6.49 

6.72 

1234 

i 



“ 

37.21 

0 98 

1528 

1663 

6.41 

6.68 

i* 3 S 





39.21 

0.93 

1573 

1734 

6.33 

6.6s 

1236 

f 




41.21 

0.89 

1617 

1804 

6.26 

6.62 

1237 

" t* 



it 

43.21 

0.85 

1662 

1872 

6.20 

6.58 

1238 

i 



a 

45.21 

0.81 

1705 

1939 

6.14 

6.55 

*1239 

i6xi 

I 9 xA 

3x3*1 

4 xpx} 

33-91 

0.94 

1481 

1565 

6.61 

6.79 

1240 

- ^ 


“ 

35.91 

0.89 

1526 

1639 

6.52 

6.76 

1241 

:: i 



<< 

37.91 

0.84 

1569 

1712 

6.43 

6.72 

1242 




a 

39.91 

0.80 

1614 

1783 

6.36 

6.68 

1243 

« 11 



a 

41.91 

0.76 

1658 

1853 

6.29 

6.6s 

1244 

** t* 




43.91 

0.73 

1702 

1921 

6.23 

6.61 

1245 

* 




45.91 

1 0.70 

1 ms 

! 1988 

6.17 

6.58 


* Spacing of rivet lines of web greater th an 30 X thickness of plate. 
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TABLE 84 . — Continued, 
Properties of Top Chord Sections. 


Properties 

of 

Top Chord Sections. 



— 




Four Angles 
and 

Three Plates. 


r '=\ 

4 i 

4-' 

1 =J 

-- 

-• 

i 

r 

a 

L.1 



i 

1 

Section 1 
Number, 

Plates. 

Angles. 1 

Gross Area. 

Eccen- 

tricity. 

Moments of I 
Inertia. 

Radii of Gyra- 
tion. 

Web. 

Cover. 

Top. 

Bottom. 

Axis 
A- A. 

Axis 

B-B. 

Axis 

A-A. 

Axis 

B-B. 

A 

e 

Ia 

Ib 

r \ 

ra 


Inches. 

Inches. 

Inches. 

Inches. 

Inches*. 

Inches. 

Inches^. 

Inches^. 

Inches, j 

Inches. 




16 " X 19'' Section. 

B Series. 






*1246 

l6xj 

■ 9 xA 

3 iX 3 Jx| ! 


5 x 3 ixi 1 

31-37 

1.90 

1271 

1275 

6.36 

6-37 

1247 

A 

“ 





33-37 

1-79 

1320 

1337 

6.29 

6.33 

1248 

1 

2 


“ 




35-37 

1.69 

1368 

1398 

6.22 

6.28 

1249 

(< 9 

Tff 

“ 





37-37 

1.60 

1417 

1458 

6.15 

6.24 

1250 

“ 1 


“ 




39-37 

1.52 

1464 

1516 

6.10 

6.20 

1251 

“ \k 

“ 





41-37 

1-44 

1511 

1573 

6.05 

6.16 

1252 

“ J 

ki 

ii 




43-37 

1-37 

1558 

1629 

6.00 

6.13 

*1253 

i6xi 

19 xA 

35 x 35 x 1 

5x3 2 X A 

32.33 

1.64 

1345 

1335 

6.45 

6.42 

1254 

“ A 






34-33 

1-54 

1393 

1397 

6.37 

6.38 

125s 

“ i 


“ 




36.33 

1.46 

1440 

1458 

6.30 

6-33 

1256 

“ A 






38.33 

1.38 

1487 

1518 

6.23 

6.29 

I 2 S 7 

“ I 

(< 

(( 


tt 


40-33 

I- 3 I 

1534 

1576 

6.17 

6.25 

1258 

“ H 

(< 





42-33 

1-25 

1579 

1633 

6. II 

6.21 

1259 

“ i 

(( 



ii 


44-33 

1. 19 

1625 

1689 

6.05 

6.17 

*1260 

i6xi 

ig-xA 

3 ix 3 Jx| 


5 x 35 x 5 1 

33-27 

1.40 

1412 

1396 

6.51 

6.48 

1261 

“ A 


(( 


(( 


35-27 

1.32 

1459 

1458 

6.42 

6.42 

1262 

“ i 

(( 

(( 


“ 


37-27 

1.25 

1504 

1519 

6.3 s 

6.38 

1263 

“ A 

<( 



<( 


39-27 

1. 18 

1550 

1579 

6.28 

6.34 

1264 

“ 1 

“ 



tt 


41.27 

1-13 

1595 

1637 

6.21 

6.30 

1265 

“ H 

<( 

(( 


tt 


43-27 

1.08 

1640 

1694 

6.15 

6.26 

1266 

“ i 

{( 

(( 




45-27 

1.03 

1685 

1750 

6.10 

6.22 

*1267 

i6x| 

I 9 xA 

3 Jx 3 ix| 

5x3 ix A 

34-21 

1-17 

1475 

1456 

6-57 

6.52 

1268 

“ A 

n 

“ 


it 


36.21 

1. 10 

1521 

1318 

6.48 

6.47 

1269 

“ i 

“ 

(< 


tt 


38.21 

1.05 

1565 

1579 

6-39 

6.42 

1270 

“ A 

(t 



tt 


40.21 

1.00 

1610 

1639 

6.32 

6.38 

1271 

“ \ 

“ 

it 


44 


42.21 

0.95 

1655 

1697 

6.26 

6.34 

1272 

“ H 

“ 

(4 


tt 


44.21 

0.91 

1699 

1754 

6.20 

6.30 

1273 

“ i 

“ 



tt 


46.21 

0.87 

1743 

1810 

6.14 

6.26 

*1274 

I6x| 

« 9 xA 

35 x 3 ixi 


Sx 3 ix| 

35.11 

0.96 

1534 

1514 

6.61 

6.57 

127s 

“ A 




44 


37.11 

0.91 

1578 

1576 

6.52 

6.51 

1276 

“ i 

“ 

(( 


tt 


39-11 

0.85 

1622 

1637 

6.44 

6.46 

1277 

“ A 


<< 


tt 


41. II 

0.82 

1666 

1697 

6.36 

6.42 

1278 

“ r 


u 


tt 


43-11 

0.78 

1711 

« 75 S 

6.29 

6.38 

1279 

■ “ H 


“ 


tt 


45-11 

0.75 

1754 

1812 

6.23 

6.34 

1280 

“ ! 

<( 

it 


It 


1 47-11 

0.72 

1798 

1868 

6.17 

6.30 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 84. — Continued. 

Properties of Top Chord Sections. 


Properties 

of 

Top Chord Sections. 



Four Angles 

and 

Three Plates. 


Section 

Number. 


Gross Area. 


Moments of Radii of Gyra- 
_ Inertia. tion. 

Eccen- 

tricity. Axis I Axis Axis Axis 
1 A-A. B-B. A-A. B-B. 


3ix3ixi sx3ix{i 


3ix3jxi SxsJxf 36.89 1 

“ 38.89 

** “ 40.89 

“ “ 42.89 

- “ 44.89 

“ “ 46.89 

;;; 48.89 

16" X 20" Section. A Series. 


Inches. Inches*. Inches*. Inches. Inches. 

0.77 1586 1573 6.64 6-60 

0.73 1630 163s 6.55 6.56 

0.69 1673 1696 6.47 6.51 

0.66 1717 1756 6.39 6.46 

0.63 1761 1814 6.32 6.42 

0.60 1803 1871 6.26 6.37 

0.57 1847 1927 6.20 6.33 

0.59 1632 1634 6.65 6.65 

0.56 1678 1694 6.56 6.59 

0.53 1720 1755 6.48 6.5s 

0.51 1764 1815 6.41 6.50 

0.48 1807 1873 6.34 6.46 

0.46 1850 1930 6.28 6.42 

0.44 1893 1986 6.22 6.37 



' Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 84. — Continued, 
Properties of Top Chord Sections. 


Properties 

of 

Top Chord Sections. 






Four Angies 
and 

Three Plates. 


a 1 _ 



P 

u 

1 





4 

i 

J . c=z 

j 

r 

LJ 


J 

vScction 

Number. 

Plates. 

Angles. 

Gross Area. 

I 

Eccen- 1 . 
tncity. 1 

Moments of 
Inertia. 

Radii of Gyra- 
tion. 

Web. 

Cover. 

Top. 

Bottom . 

Axis 

A- A. 

Axis 

B-B. 

Axis 

A-A. 

Axis 

B-B. 

A 

e i 


Ib 

Ta 1 

tb 


Inches. | 

Inches. 

Inches. | 

Inches. 

Inches*. 

Inches. | 

1 

Inches*. 

Inches*. 

Inches. | 

Inches. 

♦1316 

iGxJ 

20xA 

3x3*? 

4 x 3 xA 

32.21 

1-55 

1361 

1631 

6.50 

7.12 

1317 

A 

“ 



34.21 

1.46 

*409 

1718 

6.42 

7.09 

1318 

“ J 

(( 

“ 

“ 


36.21 

1.38 

*455 

1803 

6.34 

7.06 

1319 

9 

u 


n 


38.21 

I.3I 

1501 

1887 

6.27 

7.03 

1320 

“ 1 

“ 


ii 


40.21 

*•25 

1548 

1969 

6.20 

7.00 

1321 

“ il 

“ 




42.21 

I . *9 

1504 

2049 

6.15 

6.97 

1322 

<( 3 

4 

“ 


iff 


44.21 

*.13 

1638 

2127 

6.09 

6.94 

*1323 

l6x| 

20xA 

u 


4x3x1 

32.93 

1-37 

1412 

1685 

6.55 

7.16 

1324 

“ A 

it 


34-93 

1.29 

>459 1 

*772 

6 46 

7.12 

132'; 

“ i 

“ 


iff 


36.93 

1.22 

*504 

1857 

6.38 

7.09 

1326 

l € 


iff 



38.93 

1. 16 

*550 

* 94 * 

6.31 

7.06 

1327 

“ 1 


“ 



40.93 

1. 10 

*595 

2023 

6.24 

7.03 

nzs 

li 

(( 

“ 

i< 


4293 

1.05 

1641 

2103 

6.18 

7.00 

1329 

u 3 

4 


“ 

it 


44-93 

1. 00 

1685 

2181 

6.13 

6.97 

*1330 

i6xj 

~oxii 

3x3x1 

4 X 3 xH 

33-65 

1. 19 

1461 

*739 

6.59 

7-*9 

1331 

“ 7 

Iff 

ii 


ffi 


35-65 

1. 12 

*507 

1826 

6.50 

7.16 

1332 

i 

a 

iff 

tc 


37-65 

1.06 

* 55 * 

1911 

6.42 

7.12 

1333 

(i 9 

Tff 

it 

“ 

ti 


39-65 

1. 01 

1596 

*995 

6-35 

7.09 

1334 

<< 5 

S 

“ 

“ 



41.65 

0.96 

1641 

2077 

6.28 

7.06 

133s 

“ u 

(( 

(ff 



43-65 

0.92 

1686 

2157 

6.22 

7.03 

1336 

“ i 

“ 


it 


45.65 

0.88 

1730 

2235 

6.16 

7.00 

*1337 

i6.xi 

20xA 

3x3x1 

4x3x4 

34-35 

1.03 

1504 

*794 

6.62 

7.23 

1338 

A 

u 


“ 


36-35 

0.98 

*549 

1881 

6.53 

7-*9 

1339 

“ i 

ti 


ii 


3R-35 

0.93 

*593 

1966 

6.45 

7.16 

1340 

A 

<( 

“ 

iff 


40-35 

0.88 

1638 

2050 

6.37 

7-*3 

1341 

“ 1 

(( 

ti 

(t 


42-35 

0.84 

1682 

2132 

6.30 

7.10 

1342 

“ \i 

“ 

“ 

ffff 


44-35 

0.80 

*727 

2212 

6.24 

7.06 

1343 

<< 3 

i 


“ 

it 


46-35 

0.77 

*770 

2290 

6.18 

7.03 

1 16" X 20" Section. B Series. | 

**344 

i6xi 

20xA 

(( 

3 ix 3 JxJ 

5 x 3 ixi 

31.81 

*•99 

1288 

*473 

6.36 

6.80 

*345 

“ A 

iff 

ff 


33.81 

1.87 

*339 

*547 

6.28 

6.76 

*346 

‘‘ i 

it 

iff 

< 


35 - 8 « 

1.76 

*388 

1620 

6.22 

6.72 

*347 

“ A 

(i 

(( 

( 


37 - 8 i 

1.67 

1437 

1691 

6.16 

6.68 

1348 

“ 1 

u 

<( 

i 


39-81 

*•59 

1-485 

1761 

6.10 

6.64 

*349 

• “ H 

(( 

(( 

( 


41.81 

1.51 

*532 

1829 

6.05 

6.61 

1350 

“ i 

(( 

iff 

‘ 


43.81 

*•44 

*579 

1896 

6.00 

6.58 

Spacing of rivet lines of web greater than 30 X thickness of plate. | 
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TABLE 84 . — Continued, 

Properties of Top Chord Sections. 




Properties 
. of 

Top Chord Sections. 


Section 

Number. 


^‘1 



4 




f 

L.I 


Four Angles 
and 

Three Plates. 


i 


Plates. 


Web. 


Inches. 


Cover. 


Inches. 


Angles. 


Top. 


Inches. 


Bottom. 


Inches. 


TOSS Area. 

Eccen- 

tricity 

Moments of 
Inertia. 

Radii of Gyra- 
tion. 

Axis 

A-A. 

Axis 

B-B. 

Axis 

A-A. 

Axis 

B-B. 

A 

e 

Ia 

Ib 

Ta 

rn 

Inches*. 

Inches. 

Inches*. 

j Inches*. 

Inches. 

Inches 

32.77 

172 

1364 

1541 

6-43 

6.8s 

34-77 

1.62 

1412 

1615 

6.37 

6.81 

36.77 

1-54 

1459 

1688 

6.30 

6.77 

38.77 

1.46 

1506 

1 1739 

6.23 

6.74 

4077 

1.39 

1553 

1 1829 

6.17 

6.70 

4277 

1.32 

1599 

I 1897 

6.1 1 

6.66 

4477 

1.26 

1646 

1 1964 

6.06 

6.62 

3371 

1.49 

1431 

j 1609 

6.51 

6.91 

3571 

I 40 

1479 

; I <^-^^'3 

6.43 

6.86 

3771 

1-33 

1525 

! '756 

1 635 

6.82 

39.71 

1.26 

1571 

1827 

1 6.29 

6.78 

41.71 

1.20 

1617 

1897 

6.22 

6.74 

4371 

1. 15 

1661 

1963 

6.16 

6.70 

45.71 

1. 10 

1707 

i 2032 

6. 1 1 

6.66 

34.63 

1.26 

1497 1 

1677 

6-57 

6.96 

36.63 

1. 19 

1543 

1751 

6.48 

6.91 

38.63 

1.13 

1588 

1824 

6.41 

6.87 

40.63 

1.07 

1633 

189s 

6.34 

6.83 

42.63 

1.02 

1678 

1963 

6.27 

6.79 

44.6s 

0.98 

1722 

2033 

6.21 

6-73 

46.63 

0.94 

1767 

2100 

6.IS 

6.71 

35.33 

1.05 

1556 

1742 

6.61 

7.00 

3733 

0.99 

i6cxd 

1816 

6-33 

6.95 

39.53 

0.94 

1644 

1889 

6.43 

6.91 

4 >.SS 

0.90 

1698 

i960 

6.37 

6.87 

43.35 

0.86 

1733 

2030 

6.31 

6.83 

45-55 

1 0.82 

1777 

2098 

6.24 

6.78 

47-53 

0.78 

1822 

2165 

6.19 

6-74 

36.4s 

0.86 

1610 

1808 

6.64 

7.04 

38.4s 

0.81 

163s 

1882 

6.36 

6-99 

40.43 

0.77 

1698 

1955 

6.48 

6.9s 

42.43 

0.73 

1742 

2026 

6.41 

6.91 

44-43 

0.70 

1786 

2096 

6.34 

6.87 

46.4s 

0.67 

1829 

2164 

6.28 

6.83 

48.4s 

0.64 

1873 

2232 

6.22 

6.79 


*1351 

1352 

1353 

1354 

1355 

1356 

1357 
*1358 

1359 

1360 

1361 

1362 

1363 

1364 

•1365 

1366 

1367 
13^ 
1369 
«370 

1371 

*137* 

1373 

1374 

1375 

1376 

1377 

1378 
*1379 

1380 

1381 

1382 

1383 
*384 
1385 


20xA 


3ix3ixi 


5=^3 bA 


2oxA 


3i3f3hi 


Sx3Jxi 


20xA 


3 i* 3 J*i 


5 * 31 * A 


20xA 


3J*3i*l 


S*3i*i 


20xA 


3l*3l*l 


S*3i*tt 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 84. — Continued, 

Properties of Top Chord Sections. 




Properties 

of 

Top Chord Sections. 


rl 

4 ' 

I=J 


4 ^ 

i 

1 


Li* 


Four Angles 
and 

Three Plates. 



Plates. 

Angles. 

iroas Area. 

Eccen- 

Moments of 
Inertia. 

Radii of Gyra- 
tion. 

Section 

Number. 

Web. 

Cover. 

Top. 

Bottom. 

tricity. 

Axis 

A-A. 

Axis 

B-B. 

Axis 

A-A. 

Axis 

B-B. 

A 

e 

Ia 

Ib 

Ta 

Tb 


Inches. 

Inches. 

Inches. 

Inches. 

Inches*. 

Inches 

Inches*. 

nches*. 

inches. 

Inches. 

♦1386 

1387 

1388 

1389 

1390 

1391 

1392 

i6x| 

“ A 
“ i 

“ t 

“ H 
“ i 

20 xA 

(( 

(( 

({ 

(( 

3^3^^} 

(( 

(( 

(( 

<( 

(( 

(( 

5x3jx} 

Ii 

(( 

(( 

(( 

(( 

37-33 

39-33 

41-33 

43-33 

45-33 

47-33 

49-33 

0.68 

0.64 

0.61 

0.58 

0.56 

0-53 

0.51 

1660 

1704 

1747 

1790 

1834 

1876 

1920 

1875 

1949 

2022 

2093 

2163 

2231 

2298 

6.67 

6.58 

6.50 

6.42 

6.36 

6.30 

6.24 

7.09 

7-03 

6.99 

6.94 

6.90 

6.86 

6.83 




18" X 21" Section 

A Series. 






♦1393 

1394 

1395 

1396 

1397 

1398 

i8xA 
“ i 

A 
“ 4 
“ H 
“ } 

2ixi 

« 

3x3x1 

4x3*1 

(( 

U 

it 

35-43 

37.68 

39-93 

42.18 

44-43 

46.68 

2.56 

2.40 

2.27 

2.15 

2.04 

1-94 

1712 

1787 

i860 

1931 

2002 

2072 

1912 

2023 

2132 

2239 

2345 

2449 

6.95 

689 

6.82 

6.77 

6.72 

6.66 

7-35 

7-33 

7-31 

7-29 

7.27 

7-24 

*1399 

1400 

1401 

1402 

1403 

1404 

j 8 xA 
“ i 

't 

;:j* 

2IX^ 

{{ 

u 

it 

3x3*1 

ii 

ii 

4 x 3 xA 

ii 

a 

36.21 

38.46 
40.71 
42.96 ; 

45.21 

47.46 

2-33 

2.19 

2.07 

1.96 

1.86 

1.78 

1799 

1871 

1942 

2012 

2081 

2149 

1975 

2086 

2195 

2302 

2408 

2512 

7.05 

6.97 

6.91 

6.8s 

6.79 

6.73 

7-39 

7-37 

7-35 

7-32 

7.30 

7.28 

*1405 

1406 

1407 

1408 

1409 

1410 

l8xA 
“ i 

■■t 

2IX} 

« 

(( 

i< 

n 

3xpx| 

i< 

ft 

it 

4i3*i 

H 

(C 

I( 

({ 

36.97 

39.22 
4>47 

4372 

45-97 

48.22 

2.12 

2.00 

1.89 

1-79 

1.70 

1.62 

1878 

1948 

2018 

2086 

2154 

2221 

2039 

2150 

2259 

2366 

2472 

2576 

7.13 

7.05 

6.98 

6.91 

6.85 

6.79 

7-43 

7-4X 

7.38 

7.36 

7-33 

7-31 

*1411 

1412 

1413 

1414 

1415 

1416 

l8xA 
“ i 
“ A 

■1* 

2ixi 

(C 

(t 

it 

(( 

(( 

3x3x1 

(( 

ii 

(i 

<< 

37-71 

39-96 

42 21 

4446 

46.71 

48.96 

1.92 

1.81 

I 72 
1.63 
1-55 
1.48 

1952 

2021 

2089 

2155 

2222 

2288 

2100 

2211 

2320 

2427 

2533 

2637 

7-20 
7.1 1 
7.03 
6.96 
6.90 
6.84 

7-46 

7-44 

7-42 

7-39 

7-36 

7-34 

♦ Spacing of rivet lines of web greater than 30 X thickness of plate. \ 
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TABLE 84 . — Continued. 
Properties of Top Chord Sections. 















Propertlet 

of 

Top Chord Sections. 

r 

4- 

1 

1 

i.c= 

1 

J 

1 

- 

if 

A 

,U... 


Four Angles 
and 

Three Platee. 


Section 

Number. 

Plates. 

Angles. 


Eccen- 

Moments of 
Inertia. 

Radii of Gyra- 
tion. 

Web. 

Cover. 

Top. 

Bottom. 


tricity. 

Axis 

A-A. 

Axis 

B-B. 

Axis 

A-A. 

Axis 

B-B. 






A 

e 

Ia 

Ib 

Ta 

*"8 


Inches. 

Inches. 

Inches. 

Inches. 

Inches*. 

Inches. 

Inches*. 

Inches'. 

Inches. 

Inches. 

*1417 

i 8 xf 


2 lx} 

3x3x1 

it 

4 X 3 X 

it 


3843 

1.74 

2021 

2160 

7-25 

7.50 

1418 

“ i 


ii 


40.68 

1.64 

2088 

2271 

7-17 

7.47 

1419 

“ A 





4293 

1-55 

2154 

2380 

7.09 

7.45 

1420 

“ i 




ii 


45.18 

1.48 

2220 

2487 

7.01 

7.42 

1421 

“ H 


it 

ii 


47-43 

I.41 

2286 

2593 

6.94 

7.40 

1422 

“ i 


« 

it 

ii 


49.68 

*34 

235* 

2697 

6.88 

7-37 

•1423 



2lx| 

3x3x1 

4 x 3 xH 

39*5 

1.56 

2087 

2221 

7.30 

7.53 

1424 

“ i 


** 


• 


41.40 

*.47 

2*53 

2332 

7.21 

7.5* 

142s 

“ A 





43-65 

1.40 

2219 

244* 

7*3 

7.48 

1426 

“ 1 



it 



45-90 

*.33 

2283 

2548 

7.05 

7-45 

1427 


it 

ii 

ii 


48.15 

*.27 

2348 

2654 

6.98 

7.43 

1428 

. * 






50.40 

1.21 

2412 

2758 

6.92 

7-40 

*1429 

l8x^ 

V 

2 IX§ 

3 >t 3 *i 

4 X 3 X 

ii 

1 

39.85 

1.40 

2146 

2282 

7.34 

7-57 

1430 

“ i 





42.10 

*.32 

2212 

2393 

7.2s 

7.54 

1431 

“ A 

“ 




44-35 

*•25 

2276 

2502 

7.16 

75 * 

1432 

“ i 



** 



46.60 

1. 19 

2340 

2609 

7.09 

7.48 

1433 






48.85 

1. 14 

2404 

2715 

7.02 

7-46 

1434 

“ i 






51.10 

1.09 

2467 

2819 

6-95 

7.43 





18" X ai" Section, 

B Series 






*« 43 S 

x 8 xj 


2 ixi 

3 }x 3 Jx| 

it 

5 * 3 i»i 

35.06 

2.49 

*779 

*805 

7.12 

7.18 

♦1436 

“ A 

ii 


37-3 > 

2.34 

*853 

1901 

705 

7*4 

1437 



ii 




39-56 

2.21 

*925 

1996 

6.98 

7.10 

1438 

“ A 

ii 




41.81 

2.09 

*995 

2090 

6.91 

7.07 

*439 



ii 


ii 


44.06 

1.98 

2065 

2183 

6.84 

7.04 

1440 


ii 




46.31 

1.89 

2*35 

2275 

6.79 

7.01 

1441 

“ i 


ii 




48.56 

1.80 

2204 

2366 

6.74 

6.98 

•1442 

i 8 xl 


2 lx) 


5 x 3 J 3 cA 

36.02 

2.21 

*883 

1880 

7.23 

7.23 

*>443 




38.27 

2.08 

*954 

>977 

7.14 

7.*9 

1444 



** 




40.52 

*.97 

2024 

2072 

7.06 

7.*5 

>445 



it 

it 

ii 


42.77 

1.86 

2093 

2166 

6.99 

7.12 

1446 



it 


ti 


1 45-02 

*.77 

2161 

2259 

6.93 

7.09 

>447 



it 




1 47.27 

1.69 

2229 

235* 

6.87 

7.06 

1448 





84 


1 49.52 

1.61 

2296 

2443 

6.81 

703 

* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 84. — Continued. 

Propbitibs of Top Chord Sbctions. 




Properties 

of 

Top Chord Sections. 

4i 

4--- 


1=( 


r 


iL=„; 


r 

.1 


Four Angles 
and 

Three Plates. 




Section 

Number. 

Plates. j 

Angles. 

Gross Area. 

Eccen- 

tricity. 

Moments of 
Inercia. 

Radii of Gyra- 
tion. 

Web. 

Cover. 

Top. 

Bottom. 

Axis 

A-A. 

Axis 

B-B. 

Axis 

A-A. 

Axis 

B-B. 

A 

^ 1 

Ia 

1b 

Ta 

Tb 


Inches. 

Inches. 

Inches. 

Inches. 

Inches*. 

Inches. | Inches*, j Inches*. 

Inches. 

Inches. 

*1449 

i8xi 

21 cj 

3i*3i*i 

Sx34xi 

36.96 

1.96 

1975 

1957 

7-31 

7.28 

*1450 

“ A 


“ 


39.21 

1.84 

204s 

2053 

7.22 

7-24 

1451 

“ i 




41.46 

1-74 

2112 

2147 

7.14 

7.20 

1452 

A 


44 

44 

43-71 

1.65 

2180 

2242 

7.06 

7.16 

1453 

“ 1 




45.96 

I-S7 

2247 

2335 

6.99 

7-13 

1454 

“ It 




48.21 

1.50 

2313 

2427 

6.93 

7.10 

145s 

“ i 

fi 

44 

44 

50.46 

1-43 

2379 

2518 

6.87 

7.07 

*1436 

i8x} 

2lxJ 

<< 

3i3'3i*l 

Sx3ixA 

37.90 

1.71 

2066 

2033 

7-38 

7-32 

*I4S7 

A 



40.15 

1. 61 

2134 

2129 

7.29 

7.28 

1458 

“ i 




42.40 

1-53 

2200 

2224 

7-19 

7.24 

1459 

“ A 

it 

41 

44 

44.65 

I-4S 

2265 

2318 

7.12 

7.21 

1460 

i 

<< 

44 

44 

46.90 

1.38 

2331 

2411 

7-OS 

7-17 

1461 

“ H 

it 

44 

44 

49- IS 

1.32 

^395 

2503 

6.98 

7-14 

1462 

“ i 

it 

44 

44 

51.40 

1.26 

2460 

2594 

6.92 

7.10 

*1463 

l8xi 

2IX| 

<{ 

3§x3ix| 

5x3 ixf 

38.80 

1.48 

2145 

2106 

7-44 

7-37 

*1464 

“ A 

“ 


41.05 

1.40 

2211 

2203 

7.34 

7-33 

1465 

“ i 

<4 

44 

44 

43.30 

1-33 

2276 

2298 

7.25 

7.29 

1466 

“ A 

44 

44 

44 

45.55 

1.26 

2340 

2392 

7-17 

7-25 

1467 

“ i 

44 

44 

44 

47.80 

1.20 

2405 

2485 

7.09 

7.21 

1468 

“ ti 

44 

44 

44 

50.05 

1. 15 

2439 

2577 

7.02 

7.18 

1469 

“ i 

** 

44 

44 

52.30 

1. 10 

2532 

2668 

6.96 

7.14 

*1470 

l8xj 

21x1 

3i*3i*l 

Si3t3tit 

39.70 

1.27 

2224 

2180 

7-47 

7-41 

*1471 

“ A 


44 

44 

41.93 

1.20 

2288 

2276 

7-38 

7-37 

1472 

“ i 

44 

44 

44 

44.20 

1. 14 

2351 

2371 

7.29 

7-33 

>473 

“ A 

** 

44 

44 

46.45 

1.09 

2415 

2465 

7-21 

7.29 

1474 

“ 1 

44 

44 

44 

48.70 

1.04 

2478 

2558 

7-13 

7-25 

147s 

“ it 

44 

44 

44 

50.95 

0.99 

2542 

2650 

7.06 

7-21 

1476 

“ i 

44 

44 

44 

53-20 

0.9s 

2604 

2741 

7.00 

7.18 

*1477 

i8x| 

2ixi 

3ix3i*l 

S*3i*i 

40.58 

1.08 

2293 

2255 

7-51 

7-45 

*1478 

A 

“ 

“ 

44 

42.83 

1.02 

2356 

2351 

7.42 

7-41 

*479 

“ i 

44 

44 

44 

45.08 

0.97 

2419 

2446 

7-32 

7-37 

1480 

“ A 

44 

44 

44 

47-33 

0.93 

2481 

2540 

7.24 

7-33 

1481 

“ 1 

44 

44 

44 

49.58 

0.89 

2546 

2633 

7.16 

7.29 

1482 

“ it 


44 

44 

51.83 

0.85 

2607 

2725 

7.09 

7.25 

1483 

“ i 

44 

44 

44 

54.08 

0.81 

2670 

2816 

7.03 

7.21 


' Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 84. — Continued, 
Properties of Top Chord Sections. 



Properties 







Pour Angles 


■aL.. 



P 

...iA 

of 

Top Chord Sections. 




... ..C 


and 

Three Plates. 


4 

i-<=J 


1" 

A 

ui 


J 




Plates. 1 

1 

Angles. 

jToas Area. 

Eccen- 

tricity. 

Moments of 
Inertia. 

Radii of Gyra- 
tion. 

Section 

Number. 

Web. 

Cover. 

Top. 

Botto 

m. 

Axis 

A-A. 

Axis 
B-B. 1 

Axis 

A-A. 

Axis 

B-B . 


A 

e 

U 

1b 

Ta 

Inches. 

Inches. 

Inches. 

Inches.' 

Inches. 

Inches*. 

Inches. 

Inches*. 

Inches*. 

inches. 

i8'' X aa" Section. A Series. 

♦1484 

l8xA 

22X^ 

3 * 3 *i 

4 * 3*1 

35-93 

2.65 

1735 

2170 

6.9s 

7-77 

1485 

“ i 


(< 


(4 


38.18 

2.49 

181 1 

2297 

6.89 

7.76 

i486 

“ i 


« 




40.4-5 

2.35 

1885 

2422 

6.83 

7-74 

1487 

.. 1 


** 




42.68 

2.23 

1957 

2545 

6.77 

7.72 

1488 

“ H 

(( 




44-93 

2.12 

2028 

2667 

6.72 

7.70 

1489 

“ i 


(( 




47.18 

2.02 

2099 

2787 

6.67 

7.68 

•1490 

i8xA 

22xi 

3 x 3*1 

4 * 3 *A 

36.71 

2.42 

1823 

2240 

7.05 

7.81 

1491 

“ i 



tt 

** 


38.96 

2.28 

1896 

'2367 

6.98 

7.80 

1492 

i 


(< 




41.21 

2.16 

1968 

2492 

6.91 

7.78 

1493 

“ 1 






43.46 

2.05 

2038 

2615 

6.85 

7.76 

1494 

“ H 





45-71 

1-94 

2108 

2737 

6.79 

7-74 

1495 

“ i 





47.96 

1.85 

2177 

2857 

6.74 

7.72 

*1496 

i8xx 


22xJ 

3 * 3*1 

4x3 xi 

37.47 

2.21 

1904 

2310 

7-13 

7.8s 

1497 

“ ) 


“ 




39.72 

2.09 

1975 

2437 

7 -OS 

7.83 

1498 


h 

“ 




41.97 

1.97 

204s 

2562 

6.98 

7.81 

1499 

« 


(t 




44.22 

1.87 

2114 

2685 

6.92 

7-79 

1500 

u 

■t 





46.47 

1.78 

2182 

2807 

6.85 

7-77 

1501 





“ 


48.72 

1.70 

2250 

2927 

6.80 

7-75 

*1502 

iSxiV 

22 X| 

3 * 3*1 

4 * 3 *A 

38.21 

2.02 

1979 

2379 

7.20 

7.89 

1503 

“ i 





40.46 

1.90 

2048 

2506 

7.12 

7.87 

1504 

u 


« 




42.71 

1.80 

2117 

2631 

7.04 

7.8s 

1505 


; 





44.96 

1.71 

2184 

2754 

6.97 

7.83 

1506 




<4 

44 


47.21 

1.63 

2251 

2876 

6.90 

7.80 

1507 

tt 

■ 






49.46 

1.56 

2318 

2996 

6.85 

7.78 

*1508 

i8x, 

h 

22x| 

3 *J** 

4 * 3*1 

38.93 

1.83 

2049 

2445 

7.26 

7-93 

1509 


\ 





41.18 

1.73 

2118 

2572 

7-17 

7.90 

1510 



« 

44 



43-43 

1.64 

2185 

2697 

7.09 

7.88 

1511 



n 

44 



45.68 

1.56 

2251 

2820 

7.02 

7.86 

1512 

(( 

i 

<( 

44 



47-93 

1.49 

2317 

2942 

6.95 

7.84 

1513 

<( 



44 



50.18 

1.42 

2383 

3062 

6.89 

7.81 

* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 84, — Continued, 

P&oPBRTiEs OF Top Chord Sections. 


Properties 

of 

Top Chord Sections. 



Four Angles 
and 

Three Plates. 


Section 

Number. Web. Cover. 


Momenta of Radii of Gyra- 
„ Inertia. tion. 

- Gross Area. 

A-A. B-B. A-A. B-B. 


Indies. Inches. 


Inches*. Inches. Inches*. Inchest Inches. Inches. 


3 X 3 xJ 4x3x1^ 


3x3x1 4 X 3 xi 


18" X 22" Section. B Series. 

3Jx3ix| sx3ix| 35.56 

“ “ 37-81 

“ “ 40.06 

“ “ 42.31 

“ “ 44.56 

“ “ 46.81 

“ 49.06 

3Jx3JxJ 5 x3§xA 36.52 


3§x3}xi 5x3ixJ 




* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 84. — Continued, 
P&OPBRTIES OF Top Chord Sections. 


Propertiet 

of 

Top Chord Sectiont. 




— 



Four Angles 
and 

Three Plates. 


r=i 

4 J 

j 

L- 



r 

Lt 

Section 

Number. 

Plates. 

Angles. 

Cross Area. 

Eccen- 

tricity. 

Moments of 
Inertia. 

Radii of Gyra- 
tion. 

Web. 

Cover. 

Top. 

Bottom. 

Axis 
A- A. 

Axis 

B-B. 

Axis 

A-A. 

Axis 

B-B. 

A 

e 

Ia 

Id 

ta 

rii 


Inches. | 

Inches. 

Inches. 

Inches. 

Inches*. 

Inches. 

Inches*. 

Inches*. 

Inches. 

Inches. 

•«547 

iSxJ 


22X^ 

3 ix 3 Jxi 

5 x 3 ixA 

38.40 

I.81 

2093 

2306 

7.38 

7-75 

*1548 

“A 

ti 

“ 


44 


40.65 

I.7I 

2161 

2419 

7.29 

7-71 

IS 49 



** 





42.90 

1.62 

2229 

2530 

7.21 

7.68 

1550 

“ A 




44 


4515 

1-54 

2294 

2639 

7-13 

7.64 

1551 

“ i 

it 

it 


4 < 


47.40 

1-47 

2360 

2746 

7.06 

7.61 

1552 


i 1 


(t 


44 


49.65 

1.40 

2426 

2852 

6.99 

7.58 

1553 

“ i 



H 


44 


51.90 

1-34 

2491 

2956 

6.93 

7-54 

*1554 

i8xi 


22 X| 

3 ix 3 Jx| 


5 x 3 ixi 

39.30 

1.58 

2177 

2388 

7-44 

7.80 

*"555 


V 






4155 

1.50 

2243 

2502 

7-35 

7.76 

1556 

“ ! 



<4 


44 


43.80 

1.42 

2309 

2613 

7.26 

7-73 

1557 




44 


44 


46.05 

1-35 

2373 

2722 

7.18 

7.69 

1558 

“ i 



44 


44 


48.30 

1.29 

2438 

2829 

7.11 

7.66 

1559 






44 


50.53 

1.23 

2502 

2935 

7.04 

7.62 

1560 

... 1 



44 


44 


52.80 

1. 18 

2566 

3039 

6.97 

7-59 

♦1561 

l8x} 

22x| 

3 J* 3 ixi 

5 x 3 ixH 

40.20 

1-37 

2255 

2470 

7.49 

7.84 

*1562 

22 1 



44 


44 


42.45 

1.30 

2320 

2584 

7-39 

7.80 

1563 

“ 1 



44 


44 


44.70 

1.24 

2383 

2695 

7.30 

7-77 

1564 




44 


44 


46.95 

1. 18 

2448 

2804 

7.22 

7-73 

1565 


’ 


44 


44 


49.20 

1. 12 

2512 

291 1 

7.15 

7.69 

1566 




44 


44 


5145 

1.07 

2576 

3017 

7.08 

7.66 

1567 

« 



44 


44 


5370 

1.03 

2639 

3121 

7.01 

7.63 

♦1568 

i8xj 


22x1 

3 i*jJxi 


5 x 3 lxi 

41.08 

1. 18 

2326 

2553 

7.53 

7.89 

*1569 





44 


43-33 

1. 12 

2390 

2667 

7-43 

7.85 

1570 

“ i 


<4 

44 


44 


45.58 

1.06 

2454 

2778 

7-34 

7.81 

1571 



44 

44 


44 


47.83 

1. 01 

2516 

2887 

7-25 

7-77 

1572 








50.08 

0.97 

2579 

2994 

7-17 

7-73 

1573 



44 

44 




52-33 

0-93 

2642 

3100 

7.11 

7.70 

1574 



44 





54.58 

0.89 

2705 

3204 

7.04 

7.66 

20" X 23" Section. A Scries. 

*1575 

20 X 


23 x| 

3 A 3 Ai 


5 x 3 }Jti 

42.56 

2.51 

2530 

2697 

7-71 

7-97 

1576 




44 


44 


45.06 

2-37 

2628 

2836 

7.64 

7-94 

1577 

“ 

1 






47.56 

2.25 

2724 

2973 

7-57 

7.91 

1578 

** 

H 


** 




50.06 

2.13 

2820 

3107 

7-51 

7.88 

1579 


i 






5 i .56 

2.03 

2914 

3239 

7-45 

7.85 

* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 84. — Continued. 

Properties of Top Chord Sections. 


Propertlef 

of 

Top Chord Sections. 



Four Angles 
and 

Three Plates. 


Section 

Number. 


Moments of Radii of Gyra- 
_ Inertia. tion. 

- Gross Area, 

tnaty. Axis. Axis Axis Axis 

A-A. B-B. A-A. B-B. 


Inches. | Inches. Inches*. Inches. Inches^. *nche8<. Inches.! Inches. 

3U3UI 43-52 2.25 2655 2790 7.81 8.01 

“ “ 46.02 2.13 2750 2929 7.73 7.98 

“ 48.52 2.02 2844 3066 7.66 7.95 

“ “ 51.02 1.92 2938 3200 7.59 7.92 

“ “ 53-52 1.83 3029 3332 7-52 7-89 

3ix3hi Sx3ixi 44.46 2.02 2769 2884 7.89 8.06 

“ “ 46.96 1. 91 2862 3023 7.81 8.03 

** ‘‘ 49.46 1.82 2954 3160 7.73 8.00 

“ “ 51.96 1.73 3046 3294 7.66 7.96 

“ “ 54-46 1.65 3136 3426 7.59 7.93 

3Jx3ix} 5x3fxA 4540 1.79 2880 2978 7.97 8.10 


32X3ix} 


3ix3Jx| 5x3ixH 


3Jx3ix| 5x3}xi 



* Spacing of rivet lines of web greater than 30 X thickness of plate. 


173 






TABLE 84 . — Continued, 
Properties of Top Chord Sections. 


Properties 

of 

Top Chord Sections. 







Four Angles 
and 

Three Plates. 


w4j 

4'- 



■p 

jr 

d 

.ul 



i 

i 


Section 

Number. 

Plates. 

Angles. 

Gross Area. 

Eccen- 

tricity. 

Moments of 
Inertia. 

Radii of Gyra- 
tion. 

Web. 

Cover. 

Top. 

Bottom. 

Axis 

A-A. 

Axis 

B-B. 

Axis 

A-A. 

Axis 

B-B. 

A 


Ia 

Ib 

rx 

tb 


Inches. 

Inches. 

Inches. 

Inches. 

Inches*. 

Inches. 

Inches*.; I nches*. 

Inches. 

Inches. 




20'' X 23" Section. 

B Series. 






*l6lO 

20xA 

23xJ 


6 x 4 xA 1 

43.98 

2.29 

2782 

2721 

7-95 

7.86 

l6ii 

“ i 


«( 


tt 


46.48 

2.17 

2877 

2845 

7.87 

7.82 

x6i2 

“ A 

« 

tt 


tt 


48.98 

2.06 

2973 

2966 

7-79 

7.78 

1613 

“ 1 

(( 

ti 


tt 


51.48 

1.96 

3066 

3085 

7.72 

7-74 

1614 

“ H 

(( 

it 


tt 


53-98 

1.87 

3158 

3202 

7.65 

7.70 

1615 

“ i 


it 


tt 


56.48 

1.78 

3250 

3317 

7.38 

7.66 

*1616 

20 xft 

23x| 



6x4xJ 

45.12 

2.01 

2919 

2832 

8.04 

7.92 

1617 

“ i 

i( 

t< 


tt 


47.62 

I.9I 

3012 

2956 

7-95 

7.88 

1618 

u 9 

TT 

u 

u 


tt 


50.12 

I.81 

3104 

3077 

7-87 

7-84 

1619 

• ! f. 

it 

tt 


tt 


52.62 

1-73 

3195 

3196 

7-79 

7-79 

1620 


ft 

tt 


tt 


55.12 

1.65 

3285 

33>3 

7.72 

7-75 

1621 

“ i 

« 

tt 


tt 


57.62 

1.58 

3376 

3428 

7.65 

7.71 

*1622 

201A 

23xi 

4 ( 


6x4xA 

46.24 

1-75 

3050 

2941 

8.12 

7-97 

1623 

“ i 

(< 


tt 


4874 

1.66 

3140 

3065 

8.03 

7 93 

1624 

“ A 


(( 


tt 


51.24 

1.58 

3230 

3186 

7-94 

7.88 

1625 



it 


tt 


53-74 

1.51 

3319 

3305 

7.86 

7-84 

1626 



tt 


tt 


56.24 

1.44 

3408 

3422 

7.78 

7.80 

1627 



tt 




58-74 

1.38 

3497 

3537 

7.72 

7.76 

*1628 

20 xft 

23 xj 

4H*A 


6x4xt 

47-34 

1.51 

3 >70 

3048 

8.18 

8.02 

1629 

“ i 


<4 


tt 


49-84 

1-43 

3238 

3172 

8.08 

7-98 

1630 


it 

tt 


tt 


52-34 

1.36 

3347 

3293 

8.00 

7-93 

1631 

t 

tt 





54-84 

1.30 

3434 

3412 

7.92 

7-89 

1632 

“ 

(t 





57-34 

1.24 

3521 

3529 

7-84 

7-84 

1633 


4 t 

tt 


tt 


59-84 

1. 19 

3609 

3644 

7-77 

7.80 

*1634 

20xA 

23xi 

4M*A 


6 x 4 xH 

48.42 

1.28 

3279 

3157 

8.23 

8.08 

163s 

“ i 

it 

tt 


(( 


50.92 

1.22 

33 ^^ 

3281 

8.13 

8.03 

1636 

<( S 

it 

tt 


<( 


5342 

1. 16 

3453 

3402 

8.04 

7-98 

1637 

** i 

it 

it 


tt 


55-92 

I. II 

3539 

3521 

7.96 

7-94 

1638 

« 11 

U 

tt 


tt 


58.42 

1.06 

3625 

3638 

7.88 

7-89 

1639 

« 1 

it 

tt 


tt 


60.92 

1.02 

3712 

3753 

7.81 

7.85 

* Spacing of nvet lines of web greater than 30 X thickness of plate. 
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TABLE 84. — Continued. 
Properties of Top Chord Sections. 


Properties 

of 

Top Chord Sections. 





J 



Four Angles 
and 

Three Plates. 


■aL. _ 
4 ' - 

-- 

i 

r~ 

P 

:f 

IIU..L 

Section 

Number. 

Plates. 1 

Angles. 1 

1 

Gross Area. 

Eccen- 

tricity. 

Moments of 
Inertia. 

Radii of Gyra- 
tion. 

Web. 

Cover. 

Top. 

Bottom. 

Axis 

A-A. 

Axis 

B-B. 

Axis 

A-A. 

Axis 

B-B. 

A 

e 

Ia 

1b 

Ta 

tb 

Inches. 

Inches. 

Inches. 

Inches. 

Inches*. 

Inches. 

Inches^. 

Inches*. 

Inches. 

Inches. 

*1640 

1641 

1642 

1643 

1644 
164s 

20x1^ 

“ i 
“ A 
“ i 
“ H 
“ i 

23x5 

<( 

(( 

it 

(( 

{< 

4 X 4 xA 

ii 

ii 

ii 

ii 

6x4xi 

it 

ii 

ii 

ii 

49.50 

52.00 
54-50 

57.00 
59-50 

62.00 

1.06 

I.OI 

0.96 

0.92 

0.88 

0.85 

3384 

3470 

3556 

3641 

3726 

3812 

3265 

3389 

3510 
3629 
37 j6 
3861 

8.27 

8.17 

8.08 

7-99 

7.91 

7.84 

8.12 

8.07 

8.02 

7.98 

7-93 

7.89 

1 20" X 24" Section. A Series. 

♦1646 

20 X§ 

24 xA 



5 x 35 x 1 

44 56 

2.87 

265 I 

3 >04 

7.71 

8.35 

1647 

“ A 

<( 

“ 


ii 


47.06 

2.71 

2754 

3262 

7.65 

8.33 

1648 

“ i 

(i 



tt 


49.56 

2.57 

2855 

3418 

7-59 

8.31 

1649 

“ 

t( 

ii 


tt 


52.06 

2.45 

2954 

3572 

7-54 

8.29 

1650 

“ 1 

ii 





5456 

2 34 

3051 

3724 

7.48 

8.27 


20xJ 

24 ^ A 

it 



5 x 3 ixA 

45-52 

2.61 

2784 

3207 

7.82 

8-39 

1652 

A 

“ 


ii 


48.02 

2.48 

2883 

3363 

7-75 

8.37 

1653 

“ i 

it 



tt 


50.52 

2.36 

2980 

3521 

7.68 

8.34 

1654 

“ it 

tt 

it 


tt 


53.02 

2.25 

3077 

3675 

7.62 

8.32 

1655 

“ i 




it 


55-52 

2.14 

317.3 

3827 

7.56 

8.30 

*1656 

20xJ 

24 xA 

3 iX 35 xi 


5 x 3 ixi 

46.46 

2.38 

2907 

3310 

7.91 

8.44 

1657 

“ A 


“ 


ii 


48.96 

2.26 

3003 

3468 

7.83 

8.41 

1658 

“ I 

*• 

<( 


it 


51.46 

2.15 

3098 

3624 

7.76 

8.39 

1659 


U 

tt 


tt 


53-96 

2.05 

3193 

3778 

7.69 

8.37 

1660 

“ 1 


it 


ii 


56.46 

1.96 

3286 

3930 

7.63 

8.34 

♦1661 

20xi 

24 xA 



5 x 3 jxA 

47.40 

2.16 

3024 

3413 

7.98 

8.49 

1662 

“ A 


tt 




49.90 

2.05 

3118 

3571 

7-90 

8.46 

1663 

“ f 


i . 


ii 


52.40 

I -95 

3211 

3727 

7.83 

8.44 

1664 

“ H 

« 

“ 


ii 


54-90 

1.86 

3305 

3881 

7.76 

8.41 

1665 

“ 1 

(( 

ii 


tt 


57-40 

1.78 

3396 

4033 

769 

8.38 

*1666 

20xJ 

243 =A 

3 b 3 §x} 

ii 


5X3^1 

48.30 


3132 

3513 

8.05 

8.53 

1667 

‘‘ A 

C< 




50.80 

1.86 

3224 

3671 

7-97 

8.50 

1668 

‘‘ f 

<( 

ii 


ii 


53-30 

1-77 

33IS 

3827 

7.89 

8-47 

1669 

“ t* 

tt 

ii 


ii 


55.80 

1.69 

3407 

3981 

7.81 

843 

1670 

“ i 


ii 




58.30 

1.62 

3497 

4133 

7-74 

8^2 

* Spacing of rivet lines of web greater than 30 X thickness of plate. | 
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TABLE 84. — Continued . 

Properties of Top Chord Sections. 


Four Angles 
and 

Three Plates. 



Plates. 

Angles. 

1 

Eccen- 

Moments of 
inertia. 

Radii of Gyra- 
tion. 






OroAS 











tricity. 

Axis 

Axis 

Axis 

Axis 

Numl^. 

Web. 

Cover. 

Top. 

Bottom. 



A- A. 

B-B. 

A- A. 

B-B. 






A 

e 


Ib 

r\ 

ru 


Inches. 

Inches. 

Inches. 

Inches. 

Inches*. 

Inches. 

Inches*. |lnches<. 

Inches. 

Inches. 

♦1671 

20xi 

241A 

(< 

35i3i*i 

S*3i*tt 

<4 

49.20 

1.76 

3234 

3613 

8.II 

8-57 

1672 

<4 9 


51.70 

1.67 

3325 

3771 

8.02 

8-54 

1673 





54.20 

1.60 

3414 

3927 

7-94 

8.51 

1674 



it 


56.70 

I-S3 

3504 

4081 

7.86 

8.48 

1675 

" 1 




59.20 

1.46 

3593 

4233 

779 

8.45 

*1676 

20xJ 

A 

241A 

3b3ii| 

it 

S*3i*J 

50.08 

1-57 

3329 

3714 

8.15 

8.61 

1677 

<4 

52.58 

1.50 

3418 

3872 

8.06 

8.58 

1678 

“ i 

a 


44 

55.08 

1-43 

3306 

4028 

7-98 

8.55 

1679 

“ tt 




57-58 

1-37 

3595 

4182 

7.90 

8.52 

1680 

“ i 

** 

it 

14 

60.08 

1.31 

3683 

4334 

7.83 

8-49 




20" X 24" Section 

. B Series. 






*1681 

20xA 

24*A 

4*4 j:A 

6 x 4 xA 

44 

45.98 

2.65 

2910 

3134 

7-95 

8.26 

1682 

“ K 

48.4S 

2.51 

3009 

3276 

7.88 

8.22 

1683 

“ A 




50.98 

2.39 

3108 

3415 

7-81 

8.18 

1684 

“ i 




53-48 

2.28 

3205 

3552 

774 

8.IS 

1685 

“ H 

it 



55-98 

2.17 

3300 

3687 

7.68 

8. II 

1686 

“ 1 




58.48 

2.08 

339<> 

3820 

7.62 

8.08 

♦1687 

20xA 

24 xA 

4X4 xA 

6x4x| 

47.12 

2.37 

3056 

3257 

8.05 

8.31 

1688 

“ i 

(( 


49.62 

2.25 

3152 

3399 

7-97 

8.28 

1689 

“ A 

it 

it 


52.12 

2.14 

3248 

3538 

7.90 

8.24 

1690 

“ i 

** 

** 


54.62 

2.05 

3343 

3675 

7.82 

8.20 

1691 


it 



57- 

1.96 

3435 

3810 

7.76 

8.17 

1692 

“ i 

it 

1 



59.62 

1.87 

3528 

3943 

7.69 

8.13 

*1693 

20xA 
“ i 

*4 xA 

4*4 JtA 

6 x 4 xA 

48.24 

2. II 

3194 

3375 

8.14 

8-37 

1694 

“ 


it 

5074 

2.01 

3288 

3517 

8.05 

8-33 

1^5 

“ i* 

it 



53’H 

1.91 

3381 

3636 

7*97 

8.29 

16^ 

ii ^ 

it 



5574 

1.83 

3473 

3793 

7.89 

8.25 

1697 

“ H 

t* 

K 


58.24 

175 

3564 

3928 

7.82 

8.21 

1698 

it j . 

it 

it 

it 

60.74 

1.68 

3655 

4061 

7.76 

8.17 

•1699 

‘yp 

h^A 

4*4*A 

6*4*i 

49-34 

1.87 

3323 

3495 

8.21 

8.41 

1700 


44 

51.84 

1.78 

3414 

3637 

8.12 

8.38 

1701 

ii 

<< 

it 

it 

54-34 

1.70 

3506 

3776 

8.03 

8.34 

1702 

€€ i 

44 



56.84 

1.62 

3595 

39«3 

7-95 

8.30 

1703 

i€ 11 

44 

44 

it 

59-34 

1-55 

3685 

4048 

7.88 

8.26 

1704 

4 

44 

44 

44 

61.84 

1.49 

3775 

4181 

7.81 

8.22 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 








TABLE 84. — Continued, 
Properties of Top Chord Sections. 



Properties 

of 







Four Angles 
and 



- 4 ] 


h' 

■P 

Top Chord Sections. 

4 

r 

Ll 


Three Plates. 




J 

Section 

Number. 

Plates. 

Angles. 

Cross Area. 

Eccen- 

Moments of 
Inertia. 

Radii of Gyra- 
tion. 

Web. 

Cover. 

Top. 

Bottom. 

tricity. 

Axis 

A-A. 

Axis 

B-B. 

Axis 

A-A. 

Axis 

B-B. 

A 

e 

Ia 

Ib 

ta 

Tb 


Inches. 

Inches. 

Inches. 

Inches. 

Indies*. 

Inches. 

Inches*. 

Inches*. 

Inches. 

Inches. 

*1705 

20xA 

24x1V 

4 J' 4 xA 

6x4x}i 

50.42 

1.64 

3441 

3615 

8.26 

8.47 

1706 


“ 



(C 


52.92 

1-57 

3530 

3757 

8.17 

8.43 

1707 

1 


(t 



44 


5542 

1.50 

3620 

3896 

8.08 

8.39 

1708 

“ i 




44 


57-92 

1-43 

3708 

4033 

8.00 

8-35 

1709 

“ H 

<( 

ii 


44 


60.42 

1-37 

3796 

4168 

7-93 

8.31 

1710 

“ i 

“ 

44 


44 


62.92 

1.32 

3885 

4301 

7.86 

8.27 

*1711 

20Xi^ 

24 *^ 

4 X 4 xA 


6x4x| 

51.50 

1-43 

3554 

3733 

8.31 

8.51 

1712 

“ i 




44 


54.00 

1 - 3 ^ 

3642 

3875 

8.21 

8.47 

1713 

1 



44 


44 


56.50 

1.30 

3730 

4014 

8.12 

8.43 

1714 

“ i 

<( 

44 


44 


5900 

1.25 

3817 

4151 

8.04 

8.39 

1715 

“ H 


“ 


“ 


61.50 

1.20 

3904 

4286 

7-97 

8.35 

1716 

“ i 

<( 

44 




64.00 

1-15 

3992 

4419 

7.90 

8.31 





32" X 25" Section 

A Series. 






•1717 

22XiV 


3 ix 3 j 2 A 


5 X 3 Jxi 

52.55 

2.57 

3839 

4129 

8.55 

8.87 

1718 

“ i 


a 





55-30 

2-44 

3967 

4323 

8.47 

8.84 

1719 

n ; 


n 

44 


44 


58.05 

2.33 

4093 

4514 

8.40 

8.82 

1720 

(( ; 



41 


44 


60.80 

2.22 

4219 

4703 

8.33 

8.80 

*1721 

22 xA 


3 Jx 3 JxA 

44 

3*3 i*A 

53-49 

2.35 

3983 

4242 

8.63 

8.90 

1722 

“ 1 





56.24 

2.24 

4108 

4436 

8.54 

8.88 

1723 

“ H 


44 


44 


58.99 

2.14 

4232 

4627 

8.47 

8.86 

1724 

“ i 

(( 

44 


44 


61.74 

2.04 

4355 

4816 

8.40 

8.83 

♦1725 

22xA 

25 X A 

3 Jx 35 xiV 


5 x 3 Jxi 

$4.39 

2.15 

4116 

4350 

8.70 

8.94 

1726 

“ I 





44 


S 7 M 

2.05 

4238 

4544 

8.61 

8.92 

1727 

“ 

i 

<( 

44 


44 


59.89 

1.95 

4361 

4735 

8.53 

8.89 

1728 


1 




44 


62.64 

1.86 

4483 

4924 

8.46 

8.87 

*1729 

22 X 

(( 


2SxA 

3 ix 3 §xA 


5x3 

55-29 

1.96 

4242 

4460 

8.76 

8.98 

1730 


<4 

44 


44 


58.04 

1.86 

4363 

4654 

8.67 

8.96 

1731 



tt 

44 


44 


60.79 

1.78 

4483 

4845 

8.59 

8.93 

1732 

(( 



44 


44 


63-54 

1.70 

4603 

5034 

8.51 

8.90 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 84. — Continued. 
Properties of Top Chord Sections. 



Properties 




— 



Four Angles 


r'i 

4J_.. 



■p 

..Jit 

of 

Top Chord Sections. 

< 


-- 


1... .TC 


and 

Three Plates. 


4 

.... 

Ir 

a 






Section 

Number. 

Plates. 

Angles. 

Gross Area. 

Eccen- 

tricity. 

Moments of 
Inertia. 

Radii of Gyra- 
tion. 

Web. 

Cover. 

Top. 

Better 

n. 

Axis 

A-A. 

Axis 

B-B. 

Axis 

A-A. 

Axis 

B-B. 


A 

e 

Ia 

Ib 

ta 

tb 


Inches. 

Inches. 

Inches. 

Inches. 

Inches*. 

Inches. 

Inches*. 

Inches*. 

Inches. 

Inches. 

*•733 



3 ix 3 i*A 

5 X 3 ix 

3 

4 

56.17 

1.77 

4361 

4570 

8.81 

9.02 

1734 

1 

ti 

it 




58.92 

1.69 

4480 

4764 

8.72 

8-99 

1735 

“ H 

it 

“ 


“ 


61.67 

1.62 

4598 

4955 

8.63 

8.96 

1736 

“ \ 

{( 



a 


64.42 

1-55 

4716 

5144 

8-55 

8-93 




32 " X 2 S" Section. 

B Series. 






*•737 

22 X| 

* 5 *A 

4 Jt 43 tA 


6 x 4 .xi 1 

52.18 

2.47 

3974 

3939 

8.73 

8.69 

*1738 






S 4-93 

2.34 

4102 

4113 

8.64 

8.65 

1739 

“ 1 

it 



it 


57.68 

2.23 

4227 

4284 

8.56 

8.62 

1740 

“ H 




it 


60.43 

2.13 

4351 

4453 

8-49 

8.58 

1741 

i 

it 

it 


it 


63.18 

2.04 

4473 

4620 

8.41 

8-55 

•• 74 * 

22x} 

*s*A 

4*4xA 

6x4xA 

53-30 

2.21 

4141 

4070 

8.81 

8-74 

*•743 

“ A 


ti 


it 


56.05 

2.10 

4265 

4244 

8.72 

8.70 

1744 

“ t. 

it 

ti 


it 


58.80 

2.00 

4388 

4415 

8.64 

8.67 

1745 

“ H 

it 

it 


it 


6^ 55 

1.91 

4509 

4584 

8.56 

8.63 

•746 

" i 

it 

ti 


it 


64.30 

1.83 

4630 

4751 

8-49 

8.60 

*•747 

22x| 

*s*A 

4 x 43 tA 


6x4x| 

54.40 

1.96 

4299 

4200 

8.89 

8.79 

••748 







57->5 

1.87 

4419 

4374 

8-79 

8-75 

1749 I 





it 


59.90 

1.78 

4539 

4545 

8.70 

8.71 

1750 

“ H 

it 

it 


it 


62.65 

1.70 

4659 

4714 

8.62 

8.67 

1751 

u i 

it 

ti 


it 


65.40 

1.63 

4778 

4881 

8-54 

8.64 

*1752 

22xJ 

*sxA 

4x4*A 


6x4xH 

55-48 

1-74 

444 t 

4331 

8-95 

8.84 

*1753 

(( _* 

it 



it 


58.23 

1.66 

4560 

4505 

8.85 

8.80 

1754 

it 1 

it 

it 


it 


60.98 

1.58 

4678 

4676 

8.76 

8.76 

1755 

it 11 

it 

it 


it 


63-73 

1.51 

4796 

4845 

8.68 

8.72 

1756 

it i 

it 

it 


it 


66.48 

1.45 

49^3 

5012 

8.60 

8.68 

•1757 

22X) 

*s*A 

4 H*A 


6x4x1 

56.56 

1.52 

4580 

446^ 

9.00 

8.88 

*1758 

i< JL 

it 

it 


ti 


59-3 • 

1-45 

4697 

463s 

8.90 

8.84 

1759 

it 1 

it 

.i 


ti 


62.06 

1.39 

48^4 

4806 

8.81 

8.80 

1760 

“ H 

it 

ti 


it 


64.81 

1.33 

4930 

4975 

8.72 

8.76 

1761 

it 1 

it 

it 


it 


67.56 

1.27 

5046 

5142 

8.64 

8.73 

* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 84. — Continued, 

Properties of Top Chord Sections,. 


Properties 

of 

Top Chord Sections. 



Four Angles 
and 

Three Plates. 


Section 

Number. 

Plates. 

Angles. 

Gross Area 

EUrcen- 

Moments of I 
Inertia. 1 

Radii of Gyra- 
tion. 

Web. 

Cover. 

Top. 

Bottom. 


tricity. 

Axis 
A-A. 1 

Axis 

B-B- 

Axis 

A-A. 

Axis 

B-B. 






A 

e 

u 

Ib 

Ta 

tb 


Inches. 

Inches. 

Inches. 

Inches. 

Inches*. 

Inches. 

Inches^.j 

Inches*. 1 

Inches. 

Inches. 




22" X 26" Section 

A Series. 






*1762 

22xA 

26x1 

3 ix 3 ixA 

H 

5x3^5 

5474 

2.93 

4006 

4681 

8.56 

9.25 

1763 

“ 1 


5749 

2.80 

4138 

4901 

8.48 

9.23 

1764 

“ H 




60.24 

2.67 

4270 

5116 

8.41 

9.21 

1765 

“f 




62.99 

2.54 

4402 

5326 

8.36 

9.19 

♦1766 

22xA 

26xf 

3 Jx 3 i 3 tA 

(( 

Sx 3 ixA 

55.68 

2.71 

4160 

4804 

8.64 

9.29 

1767 

“ 1 

tt 

58.43 

2.59 

4289 

5024 

8.57 

9.27 

1768 

“ t* 

it 

<( 

tt 

61. i8 . 

2.47 

4418 

5-.^9 

8.50 

9.2s 

1769 

“ i 

n 


tt 

63.93 

2.36 

4546 

5449 

8.43 

9.23 

♦1770 


26x1 

3 ix 3 ixA 

(( 

5x3 ixi 

tt 

56.38 

2.51 

4300 

4923 

8.72 

9-33 

1771 

“ i 


59-33 

2.40 

4427 

5 H 3 

8.64 

9.31 

1772 


n 

(( 

tt 

62.08 

2.29 

4554 

5358 

8.57 

9.29 

1773 

“ i 

n 

tt 


64.83 

2.19 

4679 

5568 

8.50 

9.27 

*1774 

22iA 

26x| 

3§x3JxA 

(( 

5 x 3 ixii 

37.48 

2.32 

4436 

5042 

8.78 

9-37 

1775 

“ i 

tt 

60.23 

2.21 

4562 

5262 

8.70 

9.35 

1776 

“ a 

ti 

tt 

ti 

62.98 

2 . II 

4686 

5477 

8.63 

9*33 

1777 

“ i 

ti 

tt 

it 

65-73 

2.02 

4809 

5687 

8.56 

9*31 

♦1778 

22xA 

26xf 

3 ix 3 ixA 

sx 34 xi 

58.36 

2.14 

4560 

5163 

8.84 

9.41 

1779 

“ i 

u 

tt 

61. II 

2.04 

4684 

5383 

8.76 

9-39 

1780 

“ H 

n 

n 

tt 

63.86 

1-95 

4806 

5598 

8.68 

936 

1781 

“ J 

“ 

ii 

tt 

66.61 

1.87 

4927 

5808 

8.60 

9-34 


22" X 26" Section. B Series. 


22xJ 

26x| 

4 x 4 fA 

6x4xi 

tt 

54-37 

2.83 

4148 

4475 

8-73 

57.12 

2.69 

4280 

4672 

8.65 

1 

<( 

44 


59-87 

2-57 

4410 

4866 

8.57 


(4 


i< 

62.62 

2.46 

4538 

5058 

8.51 

{( 5 

tt 

44 

“ 

65-37 

2.36 

4664 

5247 

8-45 

22x} 

26x1 

4 X 4 xA 

6 x 4 xA 

55-49 

2-57 

4325 

4619 

8.82 

tt j» 

** 

44 

44 

58.24 

2.45 

4453 

4816 

8-74 

<4 i 

44 

44 

44 

60.99 

2.34 

4580 

5010 

8.66 

« 11 

44 


44 

63.74 

2.24 

4705 

5202 

8.59 

“ 1 


44 

44 

66.49 

2.IS 

4829 

5391 

8.52 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 84. — Continued. 

Properties of Top Chord Sections. 


Properties 

of 

Top Chord Sections. 



Four Angles 
and 

Three Plates. 


Section 

Number. 


Web. 

Cover. 

Top. 

Bottom. 

Inches. 

Inches. 

Inches. 

Inches. 

22X^ 

26x1 


6x4x1 

A 


4X4xA 6x4xH 


4X4xA 6x4xJ 



Eccen- 

Moments of 
Inertia. 

Radii of Gyra- 
tion. 


tricity. 

Axis 

A-A. 

Axis 

B-B. 

Axis 

A-A. 

Axis 

B-B. 

A 

e 

U 

1 b 

ta 

tb 

Inches*. 

Inches. 

Inches*. 

Inches*. 

Inches. 

Inches. 

5659 

2-33 

4490 

4761 

8.91 

9.17 

59-34 

2.23 

4614 

4958 

8.82 

9.14 

62.09 

2.13 

4738 

5152 

8.74 

9.II 

64.84 

2.04 

4861 

5344 

8.66 

9.08 

67.59 

1-95 

4984 

5533 

859 

9.05 

57-67 

2.n 

4642 

4904 

8-97 

9.22 

60.42 

2.02 

4764 

5101 

8.88 

9.19 

63.17 

1-93 

4886 

5295 

8.80 

9.16 

65.92 

1.85 

5007 

5487 

8.72 

9.13 

68.67 

1-77 

5128 

5676 

8.64 

9.09 

58.75 

1.90 

4790 

5046 

9.03 

9.27 

61.50 

1.81 

4911 

5243 

8.94 

9.24 

64.25 

1-73 

5031 

5437 

8.85 

9.20 

67.00 

1.66 

5150 

5629 

8-77 

9.17 

6975 

1.60 

5268 

5818 

8.69 

9.13 


aa" X 28" Section. 


1807 

2ixA 

28x1 

4 * 4 xi 

6x4x1 

57-47 

2-77 

1808 

i 

« 

(4 

(( 

60.22 

2.65 

1809 

“ i* 


u 

tf 

62.97 

2-53 

1810 

“ i 


ti 

t< 

65.72 

2.42 

181I 

22 xA 

28x1 

4 * 4*1 

6 x 4 xA 

5859 

2.53 

1812 

“ i 

<( 

tt 


61.34 

2.42 

1813 

:: t* 

« 

it 

(( 

64.09 

2.31 

1814 

“ i 


ti 

« 

66.84 

2.22 

‘1815 

22 xA 

28xf 

4 * 4 *t 

6 x4x| 

5969 

2.30 

1816 

“ i 

<< 

it 

(( 

62.44 

2.20 

1817 

“ H 

(i 

« 

t( 

65-19 

2.10 

1818 

“ i 

** 

<4 

(€ 

6794 

2.02 

'1819 

22XlV 

28x1 

4 * 4 *i 

6 * 4 *H 

60.77 

2.09 

1820 

“ i 

(t 

<« 

1 

(C 

63.52 

2.00 

1821 

“ « 

it 

<< 

f ( 

66.27 

1.92 

1822 

“ i 

it 

** 

« 

69.02 

1.84 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 84. — Continued, 

Properties of Top Chord Sections. 






TABLE 84. — Continued, 
Properties of Top Chord Sections. 















Properties 

yi 

A ... 

1 


r 

.u 


Four Angles 



of 


1 

. ^ 
j 

i 





and 



Top Chord Sections. 

J.x= 

... 

Lt 


Three Plates. 



Plates. 

Angles. 




Moment of 

Radii of Gyra- 







^ . 

Eccen- 










tricity. 

Axis 

Axis 

Axis 

Axis 

Section 

Number. 

Web. 

Cover. 

Top. 

Bottom. 



A-A. 

B-B. 

A-A. 

B-B. 







A 

c 

I* 

Ib 

ta 

ra 


Inches. 

Inches. 

Inches. 

Inches. 

Inches*. 

Inches. 

Inches*. 

Inches*. 

Inches. 

Inches. 

•i 8 s 4 


27*1 

(4 

4 ^'^A 

6 x 4 x 1 

iC 

t 

63.30 

2.21 

5883 

5840 

9.64 

9.61 

*1855 

“ 1 


66.30 

2.1 1 

6040 

^78 

9*55 

9.58 

1856 

“ H 

<C 

« 

it 


69.30 

2.02 

6197 

6312 

9.46 

9-55 

1857 

“ i 



u 


72.30 

1.93 

6353 

6543 

9.38 

9.51 

*1858 

i 4 xA 

27*1 

<( 

4 x 4 xA 

6x4x 


64.38 

1.99 

6061 

5994 

9.71 

9.66 

»I 8 S 9 

“ I 

a 


67.38 

1.90 

6217 

6232 

9.61 

9.62 

i860 

“ H 


it 

a 


70.38 

1.82 

6371 

6466 

9.52 

9-59 

1861 

« 3 

4 

** 


<( 


7338 

I 7 S 

6524 

6697 

943 

9.56 




34" X 28" Section 

. A Series. 






•1862 

2 ' 4 x| 

28xi 

(t 

jJxjJxA 

(( 

5X3JX 

a 

i 

61.24 

3.10 

5*90 

6232 

9.21 

10.09 

1863 

“ H 


64.24 

2.96 

5361 

6521 

9.14 

10.07 

1864 

« 1 

<« 


a 


67.24 

2.82 

553 * 

6808 

9.07 

10.06 

*1865 


28x| 


5 x 3 ixA 

62.18 

2.89 

5372 

6377 

9.29 

10.13 

1866 

“ tt 



if 


65.18 

2.76 

5539 

6666 

9.22 

lO.II 

1867 

“ i 

if 

it 

it 


68.18 

2.63 

5707 

6953 

9*5 

10.10 

*1868 

243 ti 

28x| 

3 b 3 JxA 

5 * 3 ixi 

63.08 

2.70 

S 540 

6518 

9-37 

10.17 

1869 

“ H 

** 

it 

it 


66.08 

2-57 

5706 

6807 

9.29 

10.15 

1870 

“ i 

ti 




69.08 

2.46 

5869 

7094 

9.22 

10.13 

*1871 

24*1 

28xt 

3I23J2A 

5 x 3 ixtt 

63.98 

2.50 

5705 

6659 

944 

10.20 

1872 

;; i* 

a 


ii 


66.98 

2.39 

5866 

6948 

9.36 

10.18 

1873 

“ 1 

« 


it 


69.98 

2.29 

6027 

7235 

9.28 

10.17 

*1874 

*421 

28xi 

3}x3JxA 

<< 

5x31* 

1 

64.86 

2.32 

5855 

6791 

9.50 

10.23 

1875 

F 

ii 

it 


67.86 

2.22 

6014 

7080 

942 

10.21 

1876 

“ 1 

a 


ii 


70.86 

2.13 

6172 

7367 

9-34 

10.19 


34" X 38" Section. 



i 

60.62 

63.62 


66.62 

i 

69.62 


3.01 

5352 

5930 

2.87 

5522 

619s 

2.74 

5690 

6457 

2.62 

c8cc 

671c 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 84. — Continued, 

Properties of Top Chord Sections. 


Properties 

of 

Top Chord Sections. 



Four Angles 
and 

Three Plates. 


- Gross Area. 

tnrifv. 


Section 

Number. 


Top. Bottom. 


Inches. Inches. 


Axis 1 Axis 
B-B. 1 A-A. 

Axis 

B-B. 

Ib ' ^’A 

re 

1 Inchest Inches. 

Inches. 


6x4xA 

61.74 

2.76 

5563 

6100 

9.49 

U 

64.74 

2.63 

5729 

6365 

9.41 

u 

67.74 

2.52 

5892 

6627 

9-33 

« 

7074 

2.41 

60SS 

6885 

9.25 

6x41! 

62.84 

2.53 

5762 

' 6268 

9.58 


65.84 

2.41 

5925 

6533 

9-49 


68.84 

2.30 

6086 

6795 

9.40 


71.84 

2.21 

6244 

1 7053 

9.32 

6x4xH 

63.92 

2.30 

5947 

6417 

9.65 

(( 

66.92 

2.20 

1 6106 

6702 

9-55 


69.92 

2.1 1 

1 6263 

6964 

9.47 

t * 

72.92 

2.02 

1 6420 

7222 

9.39 

6x4xJ 

65.00 

2.09 

' 6126 

6604 

9-71 


68.00 

2.00 

. 62S3 

6869 

1 9.61 


71.00 

; 1.91 

1 6439 

7131 

1 9.52 


74.00 

1 1.83 

! 6593 

7389 

1 9.44 


24" X 30" Section. 



* Spacing of rivet lines of web greater than 30 X thickness of plate. 







TABLE 85. 

Properties of Top Chord Sections. 



Prooertles 








Six Aneles 



T‘"=i 

A: 





of 

Top Chord Sections. 

4 • - 

u 

L 


i . 

e 


and 

Three Plates. 


r" 

J 

Ll 


J 





Plates. 1 


Angles. 






Moments of 

Radii of Gyra- 









Gross 

Ecccn- 

Inertia. 

tion. 

Section 



1 





Area. 

tricity. 

Axis 

Axis 

Axis 

Axis 

N’lm- 




Bottom. 





A-A. 

B-B. 

A-A. 

B-B. 

Kar 

Web. 

Cover. 

Top. 









1 






Outside. { 

Inside. 


A 

e 


1b 

1 

td 


Inches. 1 

Inches. 

Inches. | 

Inches. ' 

Inches. 


Inches*. 

Inches. 

Inches*.] 

Inches*. 

Inches. | 

Inches. 





16" X 20" 

Section. 

A Series. 






*2001 

l6xj 

20.xA 


3 h 3 id 

3 ii 3 ii| 1 

35-63 

1.04 

1553 

1480 

6.60 

6-44 

2002 

“ A 

{( 

ii 

ii 


a 


37-63 

0.98 

1597 

1551 

6.51 

6.41 

2003 

“ i 

“ 

ii 

ii 


ii 


39-63 

0-93 

1642 

1621 

6.44 

6.38 

2004 

“ A 

C( 

** 

ii 


ii 


41.63 

0.89 

1686 

1689 

6.36 

6.36 

2005 

<« 5 

8 



U 


ii 


43-63 

0.85 

1730 

1756 

6.30 

6-34 

2006 

“ ii 

ii 

ii 

ii 


ii 


45-63 

0.81 

1774 

1821 

6.24 

6.31 

2007 

“ 1 

4 


ii 

ii 


ii 


47-63 

0.78 

1818 

1887 

6.18 

6.29 

*2008 

1 6x3 

20xA 

3 Ji' 3 ixi 

ii 

3 Jx 3 Jxt;^ 

3 ix 3 ixA 

37-19 

0.72 

1633 

1547 

6.63 

6-44 

2009 

A 


“ 


ii 


39-19 

0.69 

1677 

1617 

6.54 

6.42 

2010 

“ i 


ii 

ii 


** 


41.19 

0.66 

1720 

1686 

6.46 

6.40 

2011 

i€ 


ii 

ii 


ii 


43-19 

0.63 

1763 

1754 

6-39 

6-37 

2012 

<( 5 

A 



it 


ii 


45.19 

0.60 

1807 

1821 

6.32 

6.34 

2013 

“ !J- 


“ 

ii 


a 


47-19 

0-57 

1850 

1886 

6.26 

6.32 

2014 

3 

4 







49.19 

0.55 

1894 

1951 

6.20 

6.30 

*20I> 

i6x3 

20xA 


35 i' 353 tJ 


38.71 

0.42 

1729 

1612 

6.68 

6-44 

2016 

Is 



<( 




40.71 

0.41 

1772 

1682 

6.60 

6.42 

2017 


“ 






42.71 

0.39 

1815 

1751 

6.52 

6.39 

2018 

ii «• 

16 





ii 


4471 

0.38 

1858 

1819 

6-44 

6.37 

2019 

8 







46.71 

0.36 

1901 

1885 

6.38 

6.34 

2020 

“ U 







48.71 

0.34 

1944 

1949 

6.32 

6.32 

2021 

<( 2 

4 


ii 





50.71 

0.33 

1987 

2014 

6.26 

6.29 

*2022 

i6x} 

20xi^r 

3 b 3 }*i 

3 }x 3 }xA 

3 ix 3 bA 

40.19 

0.16 

1803 

1675 

6.70 

6.45 

2023 

iV 

ii 





42.19 

0.16 

1845 

1745 

6.61 

6.42 

2024 

“ i 


ii 

(( 




44.19 

0.15 

1888 

1813 

6.53 

6.39 

2025 

ii <1 

IS 

(( 

ii 

ii 




46.19 

0.14 

1931 

1880 

6.46 

6.37 

2026 

“ 1 


ii 

ii 


ii 


48.19 

0.13 

1973 

1946 

6.40 

6-35 

2027 

“ n 

<< 

it 

ii 


ii 


50.19 

0.12 

2016 

2010 

6.34 

6.32 

2028 

“ i 

ii 

ii 

ii 


ii 


52.19 

0.12 

2059 

2074 

6.28 

6.29 

♦2029 

i6xt 

20xA 

3 §* 3 i*i 

3 i* 3 l^f 

3 ix 3 ixJ 

41.63 

— .08 

1870 

1738 

6.70 

6.46 

2030 

“ A 


** 





43-63 

-.08 

1913 

1807 

6.62 

6.44 

2031 

“ i 

ii 

ii 

ii 


a 


45-63 

-.07 

1956 

1874 

6-54 

6.41 

2032 

“ ft 

ii 

ii 

ii 




47-63 

-.07 

1998 

1941 

6-47 

6.38 

2033 




** 




49.63 

-.07 

2041 

2007 

6.41 

6.36 

2034 

!! i* 


ii 

ii 




51.63 

-.07 

2084 

2070 

6.35 

6.34 

2035 

“ 1 


ii 

a 




53-63 

— .06 

2126 

2134 

6.30 

6.3^ 

4 

Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 85. — Continued, 

Properties of Top Chord Sections. 


Properties 

of 

Top Chord Sections. 



Six Angles 
and 

Three Plates. 


Plates. 

Web. 

Cover. 

Inches. 

Inches. 


Gross Ex!cen- 
Area. tricity. 


Axis j Axis 
A-A. 1 B-B. 


I I Outside. Inside. A e j Ia j Ib 

Inches, j Inches. Inches. | Inches. Inches. Inches*. Inches, j Inches*. Inches* 

X 20'' Section. B Scries. 

i6xi 20 xA 3^x3ixJ sxjixff 32X3ix« 3677 0.77 j 1640 1606 

“ A “ “ “ 3877 0.73 1684 1677 

“ i “ 4077 0.70 1727 1747 

“ A “ “ “ “ 4277 0.67 1771 1815 

“ I “ “ “ “ 4477 0.64 1814 1882 

“ H “ “ “ “ 46.77 0.61 1858 1947 

“ i “ “ 4877 0.58 1902 2013 

i6x| 20 xA 3ix3-ix| Sx3ixA 3^x3JxA 38.51 0.43 1725 1695 

“ A “ “ “ “ 40.51 0.42 1768 1765 

“ \ “ “ “ “ 42.51 0.40 1810 1834 

“ A 44-51 0.38 1854 1902 

“ I “ “ “ “ 46.51 0.36 1897 1970 

“ H “ “ “ “ 48.51 0.34 1940 2034 

“ 4 “ “ “ “ 50.51 0.33 1982 2099 

i6x| 20 xA 3ix3Jxi 5x3ixi 35X3ix§ 40.21 0.12 1826 1781 

“ A “ “ “ “ 42.21 0.12 1868 1852 

“ j “ “ “ 44.21 o.ii 1911 1920 

“ A “ “ “ “ 46.21 O.II 1954 1988 

“ I “ “ “ ‘‘ 48.21 O.II 19^ 2054 

“ H “ “ “ “ 50.21 o.io 2039 2119 

“ i “ “ “ “ 52.21 O.IO 2082 2183 

i6xi 20 xA 3ix3ixi 5 x 3 ixA 3 ix 3 ixA 4189 -.15 1903 1866 

“ A “ “ “ “ 43.89 -.14 1946 1936 

“ J “ “ “ “ 45.89 —.14 1988 2004 

“ A “ “ “ “ 47.89 —.13 2031 2071 

“ i “ “ “ “ 49.89 -.13 2074 2137 

“ H “ “ “ “ 51.89 —.12 2115 2201 

“ I “ “ “ “ 53.89 -.12 2158 2265 

i6xj 20 xA 3 ix 3 ixi 5x3ix| 3 ix 3 jxi 43-51 -.41 1978 1951 

“ A “ “ “ “ 45.51 -.39 2021 202c 

“ i “ ‘‘ “ “ 47.51 -.37 2063 208^ 

“ A “ “ “ “ 49.51 -.36 2107 215^ 

“ I “ “ “ “ 51.51 -.34 2150 222c 

H “ “ ‘‘ 53.51 -.33 2192 2281 

'' t ;; ** 55.51 -.32 2235 234: 

' spacing of rivet lines of web greater than 30 X thickness of plate. 


Radii of Gyra- 

tion. 

Axis 

Axis 

A-A. 

B-B. 

Ta 

tb 

Inches. 

i Inches. 
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TABLE 8S. — Continued, 

Properties of Top Chord Sections. 


Properties 

of 

Top Chord Sections. 



Six Angles 
and 

Three Plates. 


Section | 

Web. i Cover. 


Inches, j Inches. 


Gross Eccen- 
Area. tricity. 


Moments of Radii of Gyra- 
Inertia. tion. 

Axis } Axis Axis I Axis 
A-A. i B-iJ. : A .i. B-6. 


Outside. 

Inches. 


Inches, j Inches*. Inches. Inches*. Inches*. Inches. Inches. 


i6" X 22 " Section. 

l6x| ! 22x5 ! ! 3 x5}.\^ 3ix3ix? 13902 1.21 1761 

“ ^ I “ “ j “ ! “ 4'-02 1.15 1807 

“ } I “ I •“ ! “ 43.02 1. 10 1851 

“ i\ I “ I “ . “ 45-02 1.05 1897 

“ I “ “ j “ 4702 1. 00 1942 

“ “ I “ “ “ 49.02 0.96 1988 

“ f , “ ! “ “ “ 51.02 0.92 2031 

i6x| 22x1 3lx3ixi 5x3iXiV 40.76 0.86 1873 

“ ^ “ 42.76 0.82 1917 

“ I “ “ “ “ 44.76 0.78 i960 

“ A ‘‘ “ ‘‘ '' 46.76 0.75 2005 

“ I . “ “ “ “ 48.76 0.72 2049 

‘‘ H “ “ “ 5076 0.69 2093 

“ I “ “ “ “ 52.76 0.67 2136 

i6x} 22x1 3i-^3lxJ 5^3U2 42.46 0.56 1970 

“ A “ “ “ “ 44.46 0.53 2013 

i “ “ “ “ 46.46 0.51 2056 

“ A “ “ , “ “ 48.46 0.49 2099 

“ I “ “ “ “ 50.46 0.47 2142 

• “ H “ 52.46 0.4s 2186 

“ J “ “ “ “ 54.46 0.43 2229 

i6xi 22x1 3Jx3lx| 5 x 3 ixA 3 Jx 3 jxA 44.^4 0.27 2060 

“ A “ “ “ “ 46.14 0.26 2103 

“ i “ “ “ 48.14 0.25 2145 

‘‘ A “ " 50.14 0.24 2188 

► “ I “ “ “ “ 52.14 0.23 2231 

' H “ “ “ “ 54.14 0.22 2274 

! “ i “ “ “ “ 56.14 0.22 2316 

) i6x| 22x1 31x31x1 5.x3lxi 3 h 3 M 45-76 0.02 2139 

> “ A “ “ “ “ 47.76 0.02 2182 

: “ 1 ‘‘ “ “ “ 4976 0.02 2224 

i ‘‘ A “ “ “ “ 5*76 0.02 2267 

t ‘‘ I “ “ “ 53.76 0.02 2310 

^ “ H “ “ “ “ 55.76 0.02 2353 

; } ** “ >; 7.76 0.02 23Q5 

♦ Spacing of rivet lines of web greater than 30 X thickness of plate. 


*2071 

i6x| ! 

2072 

A i 

2073 

“ 1 

2 

2074 

(( 9 

2075 

1 

2076 

“ u 

2077 

“ i 

* 1 

*2078 

i6x} 

2079 

“ A 

2080 

“ i 

203i 

“ A 

2082 

“ i • 

2083 

“ H 

2084 

“ J 

*2085 

l6xj 

2086 

“ A 

2087 

“ i 

2083 

A 

20S9 

“ i 

20)0 


2091 

“ ^ 

*2092 

i6x| 

2093 

“ A 

2094 

“ i 

2095 

“ P 

2096 

“ 1 

2097 

“ H 

2098 

“ i 

"2099 

i6xi 

, 2100 

“ P 

2101 

“ 1 

2102 

“ A 

2103 

“ 1 

2104 

r. p 

2105 
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TABLE 85. — Continued, 
Properties of Top Chord Sections. 



Properties 








Six Angles 



-4: 

... 


r 

. .yi 

! 

... 




Top Chord Sections. 

4 

n 

L 


a 

ul 


Three Plates. 








Plates. 


Angles. 






Moments of j 

Radii of Gyra- 









Gross 

Eccen- 

Inertia. j 

tion. 

Section 

1 







Area. 

tridty. 

Axis 

Axis 

Axis 

Axis 

Num- 

Web. 

Cover. 

Top. 

ijottom. 




A-A. 

B-B. 

A-A. 

B-B. 

DC! • 

I 



Outside. 

1 

1 

Inside. | 

A 

c 

Ia 

Ifi 

Ta 

tb 


Inches. 

Inches. 

Inches. 

Inches. | 

Inches. 1 

Inches*, j 

Inches. 

Inches*. 

Inches*. 

Inches. 

Inches. 

"2106 

l6.xi 

22xi 

35x32^} 

Sx3ixii 


3Jx3i3cH 

47-38 

— .21 

2212 

2712 

6.83 

7.56 

2107 

A 

ii 

u 





49.38 

— .20 

2255 

2806 

6.76 

7-54 

2108 

“ i 

“ 

u 

44 




51.38 

-.19 

2297 

2899 

6.69 

7-51 

2109 

“ ^ 

ii 






53-38 

-.18 

2340 

2989 

6.62 

7.48 

2110 

“ i 

“ 






55-38 

-.18 

2383 

3078 

6.56 

7-45 

2111 

“ H 







57-38 

-•17 

2426 

3165 

6.50 

7-43 

2112 

“ i 

(( 


** 




39-38 

— .16 

2468 

3251 

6.45 

7.40 

*2113 

i6xi 

22xi 

3ix3ixi 

<< 

SX3Jxi 


3ix3ixJ 

48.96 

-.41 

2275 

2817 

6.83 

7-59 

2114 

“ ^ 

<< 





50.96 

-.40 

2318 

2910 

6.74 

7.56 

2115 

i 

“ 






52.96 

-.38 

2360 

3002 

6.67 

7-53 

2116 

“ A 

“ 

<< 

44 




54.96 

--37 

2404 

3092 

6.61 

7.50 

2117 

“ i 


“ 

44 




56.96 

--35 

2447 

3181 

6.55 

7-47 

2118 

“ H 






“ 

58.96 

--34 

2492 

3268 

6.50 

7-44 

2119 

“ 1 







60.96 

--33 

2532 

3353 

6.44 

7-41 





18" X 22" Section. 

A Series. 






*2120 

i8xi 

22xJ 

3ix3ixi 

3ix3ixi 


39-38 

1.58 

2177 

2086 

7-43 

7.28 

*2121 

A 

(( 




a 

41.63 

1-49 

2243 

2196 

7-34 

7.26 

2122 

“ i 


“ 





43.88 

1.41 

2309 

2304 

7-25 

7-24 

2123 

“ A 

“ 

“ 





46-13 

1-34 

2374 

2410 

7-17 

7-23 

2124 

“ i 

“ 

(< 

44 



44 

48.38 

1.28 

2439 

2514 

7.10 

7.21 

2125 

“ H 


“ 





50.63 

1-23 

2503 

2616 

7-03 

7-19 

2126 

“ i 



44 




52.88 

1. 17 

2566 

2716 

6.96 

7.16 

*2127 

iSxj 

22xJ 

3ix3ixi 

3i3c3ixA 

3 Jx3ixA 

40.94 

1.22 

2310 

2176 

7-51 

7-29 

*2128 



(( 

44 




43-19 

1. 16 

2374 

2285 

7.41 

7.28 

2129 

“ 1 

(i 

(4 





45-44 

1. 10 

2437 

2393 

7-32 

7.26 

2130 

!! ^ 

(( 






47.69 

1.05 

2500 

2500 

7-24 

7.24 

2131 

I 







49-94 

1. 00 

2564 

2604 

7-17 

7.22 

2132 

“ H 







52.19 

0.96 

2627 

2703 

7.10 

7.20 

2133 

“ i 

(< 

<( 





54-44 

0.92 

2689 

2802 

7.03 

7.18 

*2134 

i8x| 

22xi 

3ix3Jx| 

3ix3ixi 

3ix3W 

42.46 

0.90 

2428 

2259 

7.56 

7.29 

•213s 

“ f * 

i< 

(( 





44-71 

0.85 

2491 

2368 

7.46 

7.28 

2136 

“ * 

“ 

44 





46.96 

0.81 

2553 

2475 

7-37 

7.26 

2137 

“ A 


44 

44 




49.21 

0.77 

2616 

2581 

7-29 

7-24 

2138 

“ 1 

it 

44 





51.46 

0-74 

2678 

2683 

7.21 

7.22 

2139 

“ t* 

<( 

44 





53-71 

0.71 

2740 

2784 

7-14 

7.20 

2140 

“ i 

(( 

44 

a 



<< 

35.96 

0.68 

2801 

2883 

7.08 

7.18 

1 * Spacing of rivet lines of web greater than 30 X thickness of plate. | 
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TABLE 85. — Continued. 
Properties of Top Chord Sections. 



ProDerties 




J 




Six Angles 



■■‘"Tr 

A \ 





3 

..L 4 



of 

lord Sectio 





1 




and 




Top Cl 

ns. 

4 

[■■■ 

J 

Ll 


Three Plates. 



j 




Section 

Num- 

ber. 

Plates. 

Angles. 

Gross 

Area. 

Eccen- 
tricity . 

Moments of 
Inertia. 

Radii of Gyra- 
tion. 

Web. j 

Cover. 

Top. 

Bottom. 

Axis 

A-A. 

Axis 

B-B. 

Axis 

A-A. 

Axis 

B-B. 

Outside. 

Inside. 

A 

e 

Ia 

Ib 

Ta 

Tb 


Inches. 1 

Inches. 

Inches. 

Inches. 

Inches. 

Inches*. 

Inches. 

Inches^. 

Inches*. 

Inches. 

Inches. 

*2141 

iSx} 

22xJ 

3 b 3 i*i 

3 ii 3 ixA 

3 i 3 C 3 ixA 

43-94 

0.60 

2538 

2345 

7.60 

7-30 

*2142 

“ A 

(( 

tt 

ii 


ii 


46.19 

0.57 

2600 

2454 

7-51 

7.29 

2143 

“ i 

{( 


ii 




48.44 

0-55 

2660 

2559 

7.42 

7.27 

2144 

** A 

n 






50.69 

0.52 

2722 

2665 

7.34 

7.25 

214s 


“ 


it 




52.94 

0.50 

2785 

2765 

7.26 

7-23 

2146 

“ ii 



it 


it 


55-19 

0.48 

2845 

2866 

7.18 

7.21 

2147 

« 3 

4 

n 

<t 

ii 


it 


57-44 

0.46 

2906 

2966 

7.II 

7.19 

*2148 

i8x| 

22xi 

<{ 

3 i» 3 l*i 

3 b 3 i>'l 

3 i* 3 i*i 

45-38 

0.34 

2636 

2426 

7.62 

7-31 

•2149 

A 

<( 

44 


44 


47-63 

0.32 

2697 

2535 

7.53 

7.29 

2150 

“ i 


<( 

it 


ii 


49.88 

0.31 

2757 

2640 

7-44 

7-27 

2151 

“ A 


tt 

it 


ft 


52.13 

0.30 

2818 

2744 

7-35 

7-25 

2152 

“ S 

<( 


it 


it 


54-38 

0.29 

2879 

2846 

7 27 

7.23 

2153 

“ H 

(< 


if 


if 


56.63 

0.37 

2940 

2947 

7.20 

7-21 

2154 

“ } • 

(i 

it 

if 


if 


58.88 

0.36 

3001 

3044 

7-14 

7.19 

*2155 

l8xi 

22X) 

3 i* 3 ixi 

3Jx3§xH 

3 Jx 3 |xtt 

46.82 

0.12 

2722 

2506 

7-63 

7-32 

*2156 

“ A 

n 

it 

it 


.t 


49.07 

O.Il 

2783 

2613 

7-53 

7-30 

2157 

“ i 


it 

it 


if 


51.32 

O.II 

2843 

2719 

7-44 

7.28 

2158 

A 

« 

it 



if 


53-57 

O.IO 

2904 

2824 

7.36 

7.26 

2159 

“ i 

it 

ii 

it 


if 


55.82 

O.IO 

2965 

2924 

7.29 

7-24 

2160 

“ H 

u 

it 

** 


if 


58.07 

0.09 

3025 

3024 

7.22 

7.22 

2161 

* 

(1 

it 

it 


if 


60.32 

0.09 

3086 

3122 

7-15 

7.20 

*2162 

181I 

22xi 

3 §* 3 ix| 


3 Jx 3 ixf 

48.22 

— .11 

2802 

2585 

7.62 

7.32 

*2163 

“ A 


it 

it 


if 


50-47 

— .11 

2863 

2693 

7-53 

7-30 

2164 

“ J 


it 

it 


ft 


52.72 

— .10 

2923 

2797 

7-44 

7.28 

2165 

“ A 


it 

it 


ft 


54-97 

— .10 

2984 

2902 

7-36 

7.26 

2166 

“ I 


it 

ft 


it 


57-22 

— .10 

3045 

3001 

7.29 

7.24 

2167 

“ H 



ft 


if 


59-47 

-.09 

3105 

3101 

7.22 

7.22 

2168 

“ 1 

n 

(< 

it 


if 


61.72 

-.09 

3166 

3198 

7.16 

7.20 





18" X 32 ' 

' Section. 

B Series. 






*2169 

iSxf 

22x| 

3 ix 3 ix| 

5 x 3 ixi 

3 ix 3 ixf 

40.52 

1.29 

2297 

2241 

7-53 

7-44 

*2170 

“ A 

** 

ft 


ft 


•42.77 

1.22 

2361 

2351 

7-43 

7-42 

2171 

‘‘ i 


it 

it 


it 


45.02 

I.16 

2426 

2459 

7-34 

7-39 

2172 

** A 

<< 

“ 

ft 


ft 


47-27 

I.IO 

2489 

2566 

7.26 

7-37 

2173 

u 1 

<< 

it 

it 


if 


49.52 

1.05 

2552 

2669 

7.18 

7-34 

2174 

<4 1 1 

a 


if 


it 


5177 

I.OI 

2615 

2772 

7.11 

7.32 

2175 

a 1 

li 

it 

ft 


ft 


54.02 

0.97 

2678 

2872 

7.04 

7-29 

1 * Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 85. — Continued, 

Properties of Top Chord Sections. 


Properties 

of 

Top Chord Sectbns. 



Six Angles 
and 

Three Plates. 


Inches. I Inches. 


Gross Eccen- 
Area, tricity. 


Moments of Radii of Gyra- 
Inertia. tion. 


Outside, j Inside. 
Inches. 1 Inches. 


Axis 

Axis 

A-A. 

B-B. 

! 

i 

Inches. 

1 Inches. 


3ix3ixi 3h3hiV 


3ix3ixi 


3}x3i4 


3ix3|xi I sx3ixA 3ix32xA 




32X3Jxf 


3ix3ixH 



* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 85. — Continued . 

Properties of Top Chord Sections. 


Properties 

of 

Top Chord Sections. 





Six Angles 
and 

Three Plates. 


Section 

Num- 

Plates. j Angles. 

Gross Ex:ccn- 

Moments of 
Inertia. 

Radii of Gyra- 
tion. 

Web. 

Bottom. 

Cover. Top. 

Area, tricity. 

Axis 

A-A. 

Axis 

B-B. 

Axis 

A-A. 

Axis 

B-B. 



Outside. 1 Inside. 

A e 

Ia 1 

In 

^A 

tb 


Inches. 

Inches. | Inches. Inches. Inches. 

Inches*.] Inches. 

Inches*. 

Inches*. 

Inches. 

Inches. 

*2211 

l8xf 

22xJ 5*3ixi 3ix3ix} 

(( (< (( (( 

50.46 —.50 

2958 

2896 

7.65 

7.57 

*2212 

“ A 

52.71 -.48 

3020 

3003 

7-55 

7.54 

2213 

“ i 

t< (< (i (( 

54.96 -.46 

3081 

3108 

747 

7.52 

2214 

“ A 

<( is (( t( 

57.21 -.44 

3142 

3212 

7.40 

749 

2215 

“ i 

(( H H (( 

59.46 -.42 

3203 

3312 

7-33 

747 

2216 

“ li 

H (( (( (( 

61.71 —.41 

3265 

3412 

7.26 

744 

2217 

“ i 

<( i( i. (( 

63.96 -.39 

3326 

3508 

7.20 

741 


1 8" X 24" Section. 


i8xi 

24 xA 

4 ( 

3 ix 3 ixi 

5 x 3 ixi 

shsixi 

47.52 

1-59 

2584 

3215 

7-37 

“ P 1 

4977 

1.52 

2650 

3354 

7-29 

i- 

“ 


** 


52.02 

1-45 

2716 

3491 

7.22 

“ a i 





54-27 

1.39 

2781 

3625 

7.16 

“ i 1 





56.52 

1-34 

2846 

3757 

7.10 

>8xi j 

24 Xro 

3 jX 3 }xi 


3 A 3 jxA 

(( 

49.26 

1.26 

2736 

3354 

7-45 

A 



51-51 

1.20 

2801 

3492 

7-37 

“ i 




(i 

5376 

I-I 5 

2865 

3628 

7.30 

“ U 



“ 

4 i 

56.01 

1. 10 

2928 

3761 

7-23 

« J 





58.26 

1.06 

2991 

3893 

7-17 

i8xi 

Z 4 xA 

3 ix 3 ixi 

5 x 3 lxi 

(( 

3 ix 3 ixi 

50.96 

0.95 

2874 

3494 

7-51 




53-21 

0.91 

2937 

3632 

7-43 

“ i 



** 


55-46 

0.88 

2999 

3767 

7-36 

“ H 

a 

ii 

« 

4 C 

57-71 

0.84 

3061 

3900 

7.28 

« 1 



(( 

44 

59.96 

0.81 

3124 

4031 

7.22 

i8xj 

24 xA 

3 ix 3 Jxi 

Sx 3 ixA 

3 ix 3 lxA 

52.64 

0.67 

3001 

3631 

7-55 

r. p 

ii 

ii 

u 

44 

54-89 

0.64 

3063 

3768 

7-47 




** 

44 

57-14 

0.62 

3125 

3903 

7-39 



ii 


44 

59-39 

0.60 

3186 

4035 

7.32 

“ i 

ii 

ii 

« 

44 

61.64 

0-57 

3248 

4165 

7.26 

iSxi 

* 4 xA 


5 * 3 ixl 

tl 

3 §x 3 §xf 

54-26 

0.42 

3114 

3766 

7.58 

A 

i« I 


ii 

56-51 

0.40 

3176 

3902 

7.50 


** 


44 

ii 

58-76 

0.39 

3237 

4036 

7-42 


** 

“ 

44 

ii 

61.01 

0.37 

3297 

4168 

7-35 

« J 

1 



ii 

63.26 

0.36 

3359 

4298 

7.29 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE SS*— Continued. 

Properties of Top Chord Sections. 


Properties 

of 

Top Chord Sections. 


d 

Li 


Six Angles 
and 

Three Plates. 


! 

Plates. 

Angles. 

Gross 

Eccen- 

Moments of 
Inertia. 

Radii of Gyra- 
tion. 

Section 

Num- 

Web. 

Cover. 

Top. 1 

Bottom. 

Area. 

tricity. 

Axis 

A-A. 

Axis 

B-B. 

Axis 
A-A. 1 

Axis 

B-B. 




i 

Outside. 

Inside. 

A 

e 

Ia 

Ib 

1 

Ta 

Tb 


Inches. 

Inches. 

Inches. j 

Inches. 

Inches. | 

Inches*. 

Inches. 

Inches*. Inches*. 

Inches. ! 

Inches. 

2243 

X 

00 


3JX3W 

5x3iitH 

44 

4; 

X 

X 

SS-88 

0.18 

3221 

3895 

7-59 

8.35 

2244 

‘rff 

(1 

It 

58.13 

0.18 

3282 

4031 

7-51 

8.33 

2245 

'' i 





60.38 

0.17 

3343 

4165 

7-44 

8.31 

2246 

“ H 


It 

44 


62.63 

0.16 

3403 

4296 

7-37 

8.28 

2247 

“ i 

ii 

it 

It 

it 

64.88 

0.16 

3464 

4425 

7*31 

8.26 

2248 

i8x§ 

24*A 

3ixpjxt 

SX3ixl 

jixjixi 

57.46 

-.03 

3314 

4026 

7.60 

8.37 

2249 

“ A 


5971 

-.03 

3375 

4161 

7.52 

8-35 

2250 


“ 

It 

II 

It 

61.96 

-.03 

3436 

4294 

7-45 

8.33 

2251 

t( li 

ii 

If 

ft 


64.21 

-.03 

3496 

4424 

7.38 

8.30 

2252 

(t 3 

it 

ii 


if 

66.46 

-.03 

3557 

4553 

7.32 

8.28 





30" X 24" 

Section. A Series. 






♦2253 

20X§ 

24JtA 

ii 

3ix3lxi 

3ix3ixi 

3ix3ixi 

44 

48.38 

1-94 

3136 

3171 

8.04 

8.09 

2254 

“ A 

50.88 

1.85 1 

3227 

3324 

796 

8.08 

2255 

“ i 


“ 



53 38 

1.76 

3319 

3477 

7.88 

8.06 

2256 

“ H 

ii 

It 

** 

** 

55.88 

1.68 

3410 

3627 

7.81 

8.05 

2257 

it 1 

“ 


II 

II 

58.38 

1.61 

3500 

3777 

7.74 

8.04 

♦2258 

20xJ 

24 xA 

3iJc3i*l 

3ix3ixA 

If 

3ix3ixA 

49-94 

1.61 

3310 

3282 

8.14 

8.10 

2259 

“ ^ 

“ 



52.44 

1-53 

3400 

3435 

8.05 

8.09 

2260 

“ 1 

“ 

It 

If 

** 

54-94 

1.46 

3489 

3587 

7.96 

8.08 

2261 

“ t* 

“ 

If 

II 

If 

57-44 

1.40 

3577 

3736 

7.88 

806 

2262 

“ i 

(i 

(( 

11 

ft 

59-94 

1.34 

366s 

3886 

7.82 

8.0s 

♦2263 

20x1 

24 xA 

3i=t3i3ci 

3ix3ixJ 

3ix3Jxi 

51.46 

1.31 

3466 

3387 

8.21 

8.12 

2264 

“ A 

(( 

ii 

II 


53.96 

1.25 

3553 

354° 

8.12 

8.10 

2265 

« 5 

(( 

it 

If 

If 

56.46 

1. 19 

3640 

3691 

8,03 

8.09 

2266 

it ^ 

(( 

it 

II 

If 

58.96 

1. 14 

3728 

3839 

7-95 

8.07 

2267 

a 1 

(( 

II 

11 

11 

61.46 

1.09 

3815 

3988 

7.89 

8.05 

*2268 

20x1 

*4*A 

(( 

3i*3ixi 

3ix3jxA 

3}x3}xA 

52.94 

1.02 

3617 

3497 

8.26 

8.13 

2269 

11 

II 

If 

55-44 

0.97 

3703 

3649 

8.17 

8.11 

2270 

‘ I 

If 

II 

11 


57.94 

0.93 

3788 

3799 

8.08 

8.09 

2271 

!! t* 


II 

li 

If 

60.44 

0.89 

3874 

3947 

8.00 

8.08 

2272 


If 

II 

II 


6i.94 

0.86 

3959 

409s 

7-93 

8.06 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 85 . — Continued, 


Properties of Top Chord Sections. 
















Pronertiefl 


.4! 

“1 

f 

M 


Six Anffles 



of 

Top Chord Sections. 

4 • - ■ 




i 1 

and 

Three Plates. 





i 






Section 

Num- 

ber 

Plates. 


Angles. 



Gross 

Eccen- 

Moments of 
Inertia. 

Radii of Gyra- 
tion. 

Web. 

Cover. 

Top. 

Bottom. 


Area. 

tricity. 

Axis 

A-A. 

Axis 

B-B. 

Axis 

A-A. 

Axis 

B-B. 





Outside. 

Inside. 

A 

c 

Ia 

Ib 

Ta 

Tb 

Inches. 

Inches. 

Inches, j 

Inches. 

Inches. 

Inches*. 

Inches. 

Inches*. 

Inches*. 

Inches. 

Inches. 

'2273 

20 xi 

24 xA 

33 X 3 ixi 

3 ix 3 ix| 

3 i* 3 i*i 

54-38 

0.76 

3752 

3599 

8.30 

8.13 

2274 

P 

(4 




56.88 

0.73 

3836 

3751 

8.21 

8.II 

2275 

i 


“ 

“ 



5938 

0.70 

3921 

3900 

8.12 

8.10 

2276 


U 


44 


44 

61.88 

0.67 

4005 

4047 

8.04 

8.08 

2277 

“ i 

ti 

44 




64.38 

0.64 

4090 

419s 

7.97 

8.07 

*2278 

20xJ 

t( • 

fs 

24 xA 

3 ix 3 ixi 

3 ix 3 Jx}i 

3 i* 3 i*H 

55-82 

0.53 

3873 

3700 

8.33 

8.14 

2279 

1 

‘ 

58.32 

0.50 

3957 

3851 

8.23 

8.12 

2280 

“ 1 


44 




^.82 

0.48 

4041 

4000 

8.14 

8.10 

2281 

“ H 

(( 


44 


44 

63.32 

0.46 

4115 

4 H 7 

8.06 

8.08 

2282 

“ i 

** 





65.82 

0.45 

4209 

4294 

7.99 

8.07 

♦2283 

20xi 

24 xA 

3 Jx 3 ix| 

3 jx 3 ixi 

3 }* 3 i*i 

57.22 

0.30 

3985 

3800 

8.35 

8.15 

2284 

“ ^ 




59.72 

0.29 

4068 

3951 

8.25 

8.13 

2285 

“ i 


“ 




62.22 

0.28 

4151 

4099 

8.16 

8.11 

2286 

“ H 


44 




64.72 

0.27 

4235 

4245 

8.08 

8 09 

2287 

“i 


(i 




67.22 

0.26 

4319 

4392 

8.01 

8.08 





30" X 24' 

Section. B Series. 






♦2288 

20xJ 


35 x 3 ixi 


3 i* 3 i*t 

49-52 

1.67 

3*85 

3354 

8.14 

8.22 

2289 

p 

44 



52.02 

1.59 

3375 

3507 

8.05 

8.20 

2290 

“ i 


44 




54.52 

1.52 

3465 

3660 

7.97 

8.19 

2291 



44 




57.02 

1.45 

3554 

3810 

7-89 

8.17 

2292 

“ i 

n 

44 




59.52 

1.39 

3642 

3960 

7.82 

8.15 

*2293 

20xJ 

24 xA 

3 ix 3 Jxi 

44 


3 i* 3 i*A 

51.26 

1-33 

3473 

3495 

8.23 

8.25 

2294 

" A 





53-76 

1.27 

3560 

3648 

8.14 

8.23 

2295 

“ i 

<< 

4( 

it 


44 

56.26 

1. 21 

3648 

3800 

8.05 

8.22 

2296 

“ H 

<( 

4( 

44 


44 

58.76 

1. 16 

3734 

3949 

7.97 

8.20 

2297 

“ f 

It 

4( 

44 


44 

61.26 

I. II 

3820 

4099 

7.90 

8.18 

*2298 

20x| 

24 xA 

(( 

3 ii 3 ixf 

5 * 31*1 

3 i* 3 l*i 

52.96 

0.98 

3644 

3631 

8.30 

8.28 

2299 

<( * 

44 

44 


44 

55-46 

0.93 

373 * 

3784 

8.20 

8.26 

2^00 


44 

44 

44 


44 

57-96 

0.90 

3817 

3935 

8 . II 

8.23 

2301 

<< 


44 

44 


44 

60.46 

0.86 

3902 

4083 

8.03 

8.21 

2302 

« 1 

44 

44 

44 


44 

62.96 

0.83 

3988 

4232 

7.96 

8.19 


Spacing of rivet lines of web greater than 30 X thickness of plate. 





m 






TABLE 85. — Continued. 


Properties of Top Chord Sections. 




















f 'I 



r 









A\ 














• 

L 


... 


•fc 



K Angles 

and 





01 



r 



r" 






Top Chord Sections. 




d 


Three Plates. 







L 

j 

L! 











J 










Plates. 1 


Angles. 



i 

i 


Mon;ciits of 

Radii of Gyra- 








Gross 

Eccen- 

Inertia. j 

tion. 

Section 







Area. 

tricity. 

Axis 

Axis 1 

Axis 

Axis 

Num- 

ber. 

Web. 

Cover. 

Top. 







A-A. 

B-B. , 

A-A. 

B-B. 



Outside. 

Inside. 

A 

e 

Ia 

Ib 

ta 

I’D 


Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches*. 

Inches. 

Inches*. 

Inches*. 

Inches. 

Inches. 

*2^0^ 

20xJ 

24xA 

3 i 3 t 32 X| 

SX35xA 

3 ix 3 ixA 

54.64 

0.69 

3807 

3771 

8.34 

8.30 

2304 

“ A 

ti 

it 


it 


57-14 

0.66 

3891 

3923 

8.25 

8.28 

230s 

“ 1 

“ 

it 

ti 


ft 


59.64 

0.63 

3975 

4073 

8.16 

8.26 

2306 

“ H 

it 

it 

it 


it 


62.14 

0.61 

4059 

4221 

8.07 

8.24 

2307 

“ i 

it 

ti 

ti 




64.64 

0.59 

4143 

4369 

8.00 

8.22 

* 

0 

00 

20xJ 

24 xA 


S>= 3 i*i 


3 ix 3 jxf 

56.26 

0.42 

3949 

3904 

8.38 

8.33 

2309 

A 

it 






,38.76 

0.40 

4033 

4056 

8.29 

8.31 

2310 

“ 1 

it 

it 

it 


ft 


61.26 

0.38 

4117 

4205 

8.20 

8.28 

2311 

“ t* 

it 

it 

it 


ft 


63.76 

0.36 

4208 

4352 

8.12 

8.26 

2312 

“ i 


it 

if 


if 


66.26 

0-34 

4284 

4500 

8.04 

8.24 

•2313 

20 XJ 

24 xA 


Sx 3 i»fi 

3 Jx 3 JxH 

57.88 

0.16 

4081 

4036 

8.40 

8.3s 

2314 

A 

if 

it 

it 


tt 


60.38 

0.15 

4164 

4186 

8.30 

8.33 

2315 

“ i 

it 

it 

it 


if 


62.88 

0.15 

4247 

4336 

8.22 

8.31 

2316 

“ t* 

it 

it 

ti 


if 


65.38 

0.14 

4331 

4483 

8.14 

8.28 

2317 

“ I 

it 

it 

tt 


if 


67.88 

0.14 

4414 

4630 

8.06 

8.26 

*2318 

20xi 

24 xA 

3 ix 3 i-^i 

S!t3Jx| 

3 ix 3 i*f 

59.46 

-.07 

4200 

4166 

8.40 

8.37 

2319 

“ A 

it 

it 



ti 


61.96 

-.07 

4283 

4317 

8.31 

8.35 

2320 

“ t 

(i 

it 

ft 


if 


64.46 

— .06 

4366 

4465 

8.23 

8.32 

2321 

" t* 

“ 

it 

ft 




66.96 

— .06 

4450 

4611 

8.15 

8.30 

2322 

u i 

4 



ii 


if 


69.46 

-.05 

4533 

4758 

8.08 

8.28 





20" 

X 26" Section. 






•2323 

20xJ 

26x1 

3 i* 3 i=c| 

53 c 3 ixi 

3 ix 3 Jxi 

52.27 

2.14 

3485 

4272 

8.16 

9.04 

2324 

it • 

it 

it 

if 




54-77 

2.04 

3579 

4468 

8.08 

9.03 

2325 

t( 1 

ti 

it 

if 


if 


57-27 

1-95 

3673 

4661 

8.01 

9.02 

2326 

ti ^ 

it 

it 

it 




59.77 

1.87 

3765 

4851 

7-94 

9.01 

2327 

it i 

it 

i( 

it 




62.27 

1.79 

3856 

5039 

7.87 

8.99 

•2328 

20x| 

26x| 

3 l’' 3 i*l 

5 * 3 i*A 

3 J* 3 ixA 

54.01 

1.78 

3694 

4443 

8.27 

9.07 

2329 

it t 

it 

it 

ft 


ft 


36.51 

1.71 

3783 

4638 

8.18 

9.06 

2330 

<{ i 

it 

t( 

ft 




59.01 

1.63 

3874 

4831 

8.10 

9.0s 

2331 


it 

it 





61.51 

1-57 

3963 

5020 

8.03 

9.04 

2332 

<< i 

it 

ti 





64.01 

1.51 

4052 

5207 

7.96 

9.02 

4 

Spacing of rivet lines of web greater than 30 X thickness of plate. 
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T'AB'LE* 

Properties of Top Chord Sections. 



Pmr»>rtlea 



i 





Six Angles 


T^' 


r“ 






r 





i f 



and 

ree Plate 




Top Chord Sectiona. 

4 

..U.} 

J 

i 


Th 

St 



1 





Plates. 


Angles. 






Moments of 
Inertia. 

Radii of Gyra- 
tion. 









Gross 

Eccen- 





Section 




Bottom. 



Area. 

tricity. 

Axis 

Axis 

Axis 

Axis 

Num- 

Web. 

Cover. 

Top. 











ber. 



Outside. 

Inside. 


A 

e 

Ia 

is 

ta 

Tb 


Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches*. 

Inches. 

Inches*. 

Inches*. 

Inches. 

Inches. 

**333 

20xi 

26xi 

3 b 3 b| 

S* 3 i*i 

3 Jx 3 ixJ 

? 57 i 

1.46 

3879 

4614 

8.35 

9.10 

2334 

“ A 

<< 

44 

** 


ft 


58.21 

1.40 

3967 

4809 

8.26 

9.09 

^335 

“ 1 



tt 


ft 


60.71 

1-34 

4056 

5000 

8.17 

9.08 

*336 

“ H 


ft 

tt 


ft 


63.21 

1.29 

4143 

5189 

8.10 

9.06 

2337 

“ i 

« 

tt 



it 


65.71 

1.24 

4230 

5375 

8.02 

9.04 

•2338 

20X| 

26x| 

3 i* 3 i*i 

S* 3 i*A 

3 ix 3 ixA 

57.39 

1. 16 

4053 

4782 

8.40 

9.13 

^339 

“ A 







59.89 

1. 1 1 

4139 

4976 

8.31 

9.II 

2340 

“ f. 

<< 

tf 

ft 


ft 


62.39 

1.06 

4226 

5167 

8.23 

9.10 

2341 








64.89 

1.02 

4312 

5355 

8.13 

9.08 

2342 

“ i 







67.39 

0.99 

4397 

5541 

8.08 

9.07 

•2343 

20 X} 

26xt 


5*3i*l 

3 §x 3 Jx| 

59.01 

0.89 

4211 

4945 

8.45 

9.15 

2344 

“ A 

<( 

tf 


ft 


61.51 

0.85 

4296 

5138 

8.36 

9.14 

2345 

“ I 

it 

tt 

it 


ft 


6.,..oi 

0.82 

4381 

53*8 

8.27 

9.12 

2346 

:: t* 

a 

tt 

it 


tt 


66.51 

0.79 

4466 

5516 

8.19 

9.II 

2347 

" j 







69.01 

0.76 

4550 

5701 

8.12 

9.09 

*2348 

20xi 

26xi 

3ii3ii| 

s»3i»tt 

3 ix 3 liH 

60.63 

0.63 

4358 

5107 

8.48 

9.18 

2349 

** A 


** 

** 




63.13 

0.60 

4442 

5299 

8.39 

9-17 

2350 

(( 5 

tt 

ft 

it 


ft 


65.63 

0.58 

4517 

5489 

8.31 

9.15 

2351 




ft 


tt 


68.13 

0.56 

4611 

5675 

8.23 

9.13 

2352 

« 1 

ft 

tf 

ft 


tt 


70.63 

0.54 

4694 

5860 

8.1S 

9.11 

*1353 

zoxi 

26x| 

3M3J*I 

S*3J*J 

3Jx3Jxl 

62.21 

0.40 

4489 

5*67 

8.50 

9.20 

1354 

!! A 

tf 

ft 

** 




64.71 

0.38 

4573 

5459 

8.41 

9.19 

1355 

I 

ft 

(f 

ft 




67.21 

0.37 

4657 

S6,8 

8.32 

9.17 

1356 

“ « 

tt 

tt 

tt 


it 


69.71 

0.3s 

4740 

5834 

8.25 

9.15 

1357 

“ i 


tt 

ft 




72.21 

0-34 

4824 

6017 

8.17 

9.13 





aa" X a6 

"Section. 

A Series. 






•1358 

22x| 

26 xA 



4 X 4 xi 


59.13 

1.55 

4811 

4499 

9.02 

8.73 

*1359 


a 

tt 

tt 


ft 


61.88 

1.48 

4928 

4691 

8.92 

8.71 

2360 

« fi 

i€ 

tt 

tf 


it 


64.63 

1.41 

5045 

4879 

8.83 

8.69 

2361 

P 

<< 

tf 

tf 


it 


67.38 

1.35 

5163 

5066 

8.7s 

8.67 

2362 

“ 1 

44 

tt 

tf 


it 


70.13 

1.30 

5282 

5*46 

8.68 

8.6s 

e 

Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 85 . — Continued. 
Properties of Top Chord Sections. 


Properties 

of 

Top Chord Sectloni. 



Six Angles 
and 

Three Plates. 


Section 

Num- 

ber. 

Plates. 


Web. 

Cover. 

Top. 


Inches. 

Inches. 

Inches. 

♦2363 

22xi 

26 xA 

4x4x1 

<4 

•2364 

“ A 


2365 

“ I 


44 

2366 

“ t* 

“ 

44 

2367 

“ i 


44 

♦2368 

22X} 

26 xA 

44 

4X41J 

44 

♦2369 


2370 

44 1 


44 

2371 

“ t* 

44 

44 

2372 

“ i 

44 

44 

•2373 

22x1 

“ A 

26 xA 


*2374 

44 


237s 

44 

44 

44 

2376 

“ ti 

44 

44 

2377 

44 

44 

44 

*2378 

22x1 

26 xA 

4x^i 

•2379 

44 s 

44 

44 

2380 

44 i 

44 

44 

2381 

44 ^ 

44 

44 

2382 

44 s 

44 

44 


B 

Angles. 

Gross 

Bottom. 

Area. 

Outside. 

Inside. 

A 

Inches. 

Inches. 

Inches*. 

4X42A 

44 

44 

44 

4 X 4 xA 

44 

44 

44 

60.85 
63.60 
66.3s 
69.10 

71.85 

4 X 4 xf 

44 

44 

44 

44 

44 

44 

44 

44 

62.57 

65.32 

68.07 

70.82 

73-57 

4 * 4 xH 

44 

44 

44 

44 

44 

44 

44 

64.25 

67.00 

69-75 

72.50 

75-25 

4 * 42 i 

44 

44 

44 

44 

4 * 4*1 

44 

44 

44 

44 

65.89 
68.64 

71.39 

74-14 

76.89 


Moments of 

Radii of Gyra- 

Inertia. 

tion. 

Axis 

Axis 

Axis 

Axis 

A-A. 

B-B. 

A-A. 

B-B. 

Ia 

1b 

Ta 

Tb 

Inches* 

Inches* 

Inches. 

Inches. 

5023 

4640 

, 9-09 

8.73 

5137 

4832 

8.99 

8.71 

5252 

5019 

8.90 

8.69 

S367 

5204 

8.81 

8.67 

5483 

5385 

8.73 

8.65 

5219 

4777 

9.13 

8.74 

5332 

4967 

9.03 

8.72 

5445 

5154 

8.94 

8.70 

5558 

5339 

8.86 

8.68 

5671 

5519 

8.78 

8.66 

5397 

4916 

9.16 

8.75 

5509 

5106 

9.06 

8.73 

5620 

5291 

8.97 

8.71 

5732 

5475 

8.89 

8.69 

5844 

5655 

8.81 1 

8.67 

5563 

S047 

9.19 

8.75 

567'; 

5235 

9.09 

8.73 

5786 

5420 

9.00 

8.71 

5888 

5604 

8.91 

8.69 

6009 

5783 

8.84 

8.67 


X a6" Section. B Series. 


*2383 22x1 26x1^ 

*2384 “ A 

238 s “ I 

. 2386 “ H 

2387 “ i 

*2388 22xi 26xA 

*2389 “ A 

2390 f “ ** 

2391 “ H 

2392 “ } “ “ 

♦ spacing of rivet lines of web greater than 30 X thickness of plate. 



4 * 4 *i 

61.13 

1. 14 

5104 

4891 

9.14 

8.95 


63.88 

1.09 

5219 

5083 

9.04 

8.93 

44 

66.63 

1.05 

5333 

5271 

8.95 

8.90 

44 

69.38 

I.OI 

5446 

5458 

8.86 

8.87 

44 

72.13 

0.97 

5560 

5638 

8.78 

8.84 

4 * 4 *A 

63.11 

0.80 

5333 

5082 

9.20 

8.98 

44 

65.86 

0.77 

5445 

5274 

9.10 

8.9s 

44 

68.61 

0.74 

5557 

5461 

9.00 

8.92 

44 

71.36 

0.71 

5670 

5646 

8.91 

8.89 

44 

74 H 

0.68 

5782 

5827 

8.83 

8.87 
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TABLE 85. — ConUnued, 

Properties of Top Chord Sections. 


Propeitiea 

of 

Top Chord Sections. 



Six Angles 
and 

Three Plates. 


Plates. 

Angles. 

Gross 

E^cen- 

Moments of 
Inertia. 

Radii of Gyra- 
tion. 

Web. 

Cover. 

Top. 

Bottom. 

Area. 

tricity. 

Axis 

A-A. 

Axis 

B-B. 

Axis 

A-A. 

Axis 

B-B. 




Outside. 

Inside. 

A 

e 

Ia 

Ib 

rx 

tb 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches*. 

Inches. 

Inches*. 

Inches*. 

Inches. 

Inches. 

22xJ 

26xA 

4 x 4 xi 

H 

6 x 4 x| 

4 X 4 xi 

ii 

65.07 

0.48 

5544 

5267 

9-24 

9.00 



(( 

67.82 

0.46 

5656 

5457 

9.14 

8.97 

“ i 




ii 

70.57 

0.44 

5767 

5644 

9-04 

18.94 

“ a 

“ 



it 

73-32 

0 42 

5879 

5829 

8.95 

8.92 

“ a 

4 

a 

n 

« 


76.07 

0 - 4 1 

5991 

6009 

8.87 

8.89 

22xi 

26x^ 

4 x 4 xJ 

6 x 4 xH 


66.99 

0.19 

5735 

5456 

9-25 

9.02 

“ A 

(i 

** 


69.74 

0.19 

5846 

5646 

9-15 

8.99 

“ i 

(t 

({ 

<( 

(( 

72.49 

0.18 

5957 

5831 

9.06 

8.97 

“ H 

“ 

« 

<( 


75-24 

0.18 

6068 

6015 

8.98 

8.94 

“i 

(( 

« 

« 


77-99 

0.17 

6179 

619s 

8.90 

8.91 

22x} ' 

26xA 

4 X 4 xi 

6x4xJ 

4 x 4 xJ 

68.89 

-.07 

5913 

5636 

9.26 

9.04 

“ A 

(( 



71.64 

-.07 

6024 

5824 

9.16 

9.01 

“ i 

(( 

(t 

it 


74-39 

-.07 

6135 

6009 

9.08 

8.98 

“ H 

ti 

n 

1 

it 

77-14 

-.06 

6246 

6193 

8.99 

8.96 

“ i 

n 


n j 

ii 

1 

79.89 

— .06 

6357 

6372 

8.92 

8.93 




32 " X 36 '^ 

’ Section. C 

: Series. 






*2408 

22x} 

26xA 

4I4XJ 

<4 

6x4xJ 

6x4x} 

i *4 

63-13 

0.77 

5378 

4915 

9.23 

8.82 

*2409 

:: P 



65.88 

0.73 

5491 

5106 

9.13 

8.80 

2410 

it 1 





68.63 

0.70 

5604 

5293 

9.04 

8.78 

2411 





44 

71.38 

0.67 

5716 

5479 

8-95 

8.76 

2412 

“ 1 


ii 


44 

74-13 

0.65 

5828 

5659 

8.86 

8.73 

*2413 

22xi 

26xA 

414x1 

ii 

6 x 4 xA 

6 i 4 xA 

65-37 

0.40 

5621 

5110 

9.28 

8.84 

•2414 



44 

44 

68.12 

0.38 

5732 

5301 

9.17 

8.82 

2415 



ii 


44 

70.87 

0.37 

5844 

5487 

9.08 

8.80 

2416 


ii 

ii 

44 

44 

73.62 

0.36 

5955 

5671 

8-99 

8.78 

2417 

it i 

ii 

it 

44 

44 

76.37 

0-35 

6066 

5851 

8.92 

8.76 

•'2418 

22x| 

26IA 

4 X 4 xi 

6x4x| 

6x4x1 

67-57 

0.07 

5845 

5298 

9.31 

8.86 

*2419 

!1 ^ 

ii 

ii 

44 

44 

70.32 

0.07 

5956 

5487 

9.21 

8.84 

2420 

‘ 1 

ii 

it 

44 

44 

73-07 

0.07 

6067 

5673 

9.12 

8.82 

2421 

“ ii 

ti 

ii 

« 

44 

75.82 

0.06 

6178 

5857 

9.03 

8.80 

2422 

“ i 

it 

ii 

44 

44 

78-57 

0.06 

6289 

6035 

8.95 

8.77 


• Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 85. — Continued. 
Properties of Top Chord Sections. 







3 

=1 

J 

rt 

3 







Properties 

of 


A\ 





Six Angles 
and 




Top Chord Sections. 

4 

1 

I 

d 


Three Plates. 







J 

Jl 

T 







Plates. 


Angles. 





Moments of 
Inertia. 

Radii of Gyra- 
tion. 








Gross 

EU:cen- 





Section 

1 





Area. 

tridty. 

Axis 

Axis 

Axis 

Axis 

Num- 

Web. 

Cover. 

Top. 






A-A. 

B-B. 

A-A. 

B-B. 


1 



Outside. 

Inside. 

A 

e 

Ia 

Ib 

^■a I 

tb 


Inches. , 

Inches. 

Inches. 

Inches. 

Inches. 

Inches*. 

Inches. 

Inches*. 

inches*. 

Inches. | 

Inches. 

•2423 

22 X\ 

26xA 

4 x 4 xi 

6 x 4 xH 

6 x 4 xH 

69.73 

-.23 

6047 

5480 

9-32 

8.87 

*2424 

<( # 

It 

li 

It 


It 

72.48 

— .22 

6158 

5679 

9.21 

8.85 

24^5 

n t 

It 

II 

II 


II 

75-23 

— .21 

6269 

5863 

9.12 

8.83 

2426 

<c ^ 


II 

It 


11 

77.98 

— .20 

6380 

6046 

9.04 

8.80 

2427 

<i 1 

II 

II 

II 


II 

80.73 

-.19 

6491 

6224 

8.96 

8.78 

*2428 

22Z§ 

26xA 

4 x 4 xi 

6x41} 

6x4xi 

71.89 

-.51 

6233 

5773 

9-32 

8.87 

*2429 

“ f' 

II 

II 

II 



74.64 

-.49 

6344 

5860 

9.22 

8.8s 

2430 

“ 1 

II 


II 


It 

77.39 

-.48 

6455 

6044 

9.14 

8.83 

2431 

“ H 

II 

II 

II 



80.14 

-47 

6567 

6227 

9.06 

8.81 

2432 

“1 


II 

“ 


“ 

82.89 

-.46 

6678 

6404 

8.98 

8.79 





aa" 

X 38" Section. 






2433 

22 X} 

28x| 

II 

4 X 4 xJ 

II 

6 x 4 xJ 

6 x 4 xJ 

66.94 

1.89 

5326 

6156 

8.92 

9 S 9 

2434 

“ H 

II 


II 

69.69 

I.81 

5447 

6389 

8.84 

9.58 

2435 

.. j 


II 

II 


11 

72.44 

1-74 

5566 

6620 

8.77 

9.56 

2436 


28xi 

4 X 4 xJ 

6 x 4 xA 

6x4x1V 

69.22 

1.50 

5636 

6391 

9.02 

9.61 

2437 

“ H 


II 




71.97 

1-44 

5753 

6623 

8.94 

9-59 

2438 

" 1 

II 

11 

II 


II 

74-72 

1-39 

5870 

6853 

8.87 

9.58 

2439 

22x| 

28xt 


6 x 4 xJ 

6 x 4 xJ 

71.50 

1. 14 

5920 

6627 

9.10 

9.62 

2440 

“ tt 

II 

II 

II 


II 

74-25 

1. 10 

6035 

6858 

9.01 

9.61 

2441 

“ i 

II 

11 

II 



77.00 

1.06 

6149 

7087 

8.94 

9.60 

2442 

22zf 

a8xf 

WcJ 

6 x 4 xA 

6 x 4 xA 

73-74 

0.81 

6184 

6858 

9.16 

9.64 

2443 

“ t* 

II 

li 

II 


II 

76.49 

0.78 

6297 

7088 

9.07 

9.63 

2444 

“ ! 

11 

l< 

II 


II 

79.24 

0.75 

6409 

7315 

8.99 

9.61 

244s 

22X} 

H 

00 


6 x 4 xf 

6 x 4 x 1 

75-94 

0.50 

6422 

7086 

9.20 

9.66 

2446 

“ H 

II 

II 

11 

1 

11 

78.69 

0.48 

6534 

7315 

9.II 

9.64 

2447 

“ 1 

11 

it 

II 

1 

II 

81.44 

0.47 

6645 

7542 

9.04 

9.63 

2448 

22xi 

28x1 


6 x 4 xH 

6x4xH 

78.10 

0.22 

6642 

7311 

9.22 

9.68 

2449 

“ t* 

II 


II 



80.85 

0.21 

6753 

7539 

9.14 

9.66 

2450 

“ i 

II 

II 

II 


II 

83.60 

0.21 

6864 

7765 

9.06 

9.64 

•Spacing of rivet lines greater than 30 X thickness of plate. 
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TABLE tS .-^ OHtltuigd . 
Profbktibs of Top Chord Sections. 


Properties 

of 

Top Chord Sections. 



f ' 

u 

i 


._..u 

4 — 

IJ. 

"n 

L i 

j 

J 

L 

— "r- 

Ll 


Six Angles 
and 

Three Plates. 


Section 

Num- 

Plates. 

Angles. 

Gross 

Eccen- 

Moments of 
Inertia. 

Radii of Gyra- 
tion. 

Web. 

Cover. 

Top. 

Bottom. 

Area. 

tricity. 

Axis 

A-A. 

Axis 

B-B. 

Axis 

A-A. 

Axis 

B-B. 





Outside. 

Inside. 

A 

e 

Ia 

Ib 

ta 

tb 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches*. 

Inches. 

Inches*. 

Inches*. 

Inches. 

Inches. 

2451 

22xi 

28xi 

4444J 

6x4xi 

6x4xi 

tt 

80.26 

-.05 

6851 

7536 

9.24 

9.69 

2452 

“ t* 

<( 


83.01 

-.05 

6962 

7763 

9.16 

9.67 

HS 3 

“ i 




n 

85.76 

-.04 

7073 

7988 

9.08 

9.6s 





24'' X 28'' 

Section. A Series. 






*HS 4 

24 xA 

28 x | 

4 x 4 xJ 

4 x^J 

4444J 

K 

67.00 

2.00 

6348 

6117 

9-73 

9.56 

•hss 

“ i 


70.00 

1.92 

6502 

6376 

9.64 

9-54 

*456 

“ ^ 





73.00 

1.84 

6656 

6631 

9-55 

9-53 

2457 

“ 1 



** 

4t 

76.00 

1.76 

6810 

6882 

9.46 

9-51 

*2458 

24 xA 

28x| 

(( 

4 x 4 xJ 

a 

444 fA 

4444A 

68.72 

1.69 

6617 

6287 

9.81 

9-57 

•2459 

“ i 


71.72 

1.62 

6770 

6545 

9.72 

9-55 

2460 

“ a 




(t 

7472 

1.56 

6920 

6799 

9.63 

9-54 

2461 

“ i 





7772 

1.50 

7071 

7050 

9-54 

9-52 

*2462 

444 A 

28xf 

4 X^i 

4444! 

4444I 

70.44 

1.38 ' 

6873 

6456 

9.88 

9.58 

*2463 

“ 1 

ti 

ti 

73-44 

1-33 

7021 

6712 

9.78 

9.56 

2464 

“ ii 


4i 

ti 


76.44 

1.28 

7170 

6966 

9.69 

9-55 

246s 

“ i 

u 

it 

K 


79-44 

1.23 

7319 

7215 

9.61 

9.53 

•2466 

244A 

28xi 

a 

4 x 4 xJ 

a 

4444^ 

4444H 

72.12 

I. II 

7103 

6625 

9.92 

9.58 

•2467 

i: L 

<< 


75.12 

1.07 

7250 

6880 

9.82 

9.56 

2468 

“ H 


it 

** 


78.12 

1.03 

7397 

7133 

9.72 

9-55 

2469 

“ 1 

a 

it 

« 


81.12 

1. 00 

7543 

7382 

9.63 

9-53 

•2470 

4 ftA 

28xi 

4 X 4 X§ 

<< 

4444! 

4 i 

4444! 

, 1 
73 76 

0.86 

7318 

6785 

9.96 

9-59 

•2471 

“ 1 

a 

ft 

76.76 

0.82 

7465 

7040 

9.86 

9.58 

2472 


a 


it 

** 

79.76 

0.79 

7611 

7292 

9-77 

9.56 

4473 

“ i 



44 


82.76 

0.76 

7767 

7540 

9.69 

9 -SS 



♦ Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 85. — Continued. 
Properties of Top Chord Sections. 


















1"^ 

A \ 


— ( 

..yi 









• 

-V. 


e 







Top Chord Sections. 

4 

; n 

L 

r” 

■ r 

(i 

T 


unu 

Three Plates. 







J 









Plates. 


Angles. 





Moments of 
Inertia. 

Radii of Gyra- 
tion. 








Gross 

Eccen- 





Section 




Bottom. 


Area. 

tricity. 

Axis 

Axis 

Axis 

Axis 

Num- 

Web. 

Cover. 

Top. 






A-A. 

B— B. 

A-A. 

B— B. 





Outside. 

Inside. 

A 

e 

Ia 

Ib 

Ta 

tb 


Inches. 

Inches. 

Inches. 

Inches. 

inenes. 

Inches*. 

Inches. 

Inches*. 

Inches*. 

Inches. 

Inches. 

*2478 

24 xA 

28x1 

4X4xi 

6 x 4 xA 

44 

4 x 4 xA 

70.9s 

1.26 

7010 

6794 

9-94 

9.78 

•2479 

“ i 

(( 

<< 


44 

73.98 

1. 21 

7158 

7052 

9.84 

9.76 

2480 




44 


44 

76.98 

1. 17 

7305 

7306 

9-74 

9-74 

2481 

<< 1 

4 



44 


44 

79.98 

1. 13 

7452 

7557 

9.6s 

9-72 

*2482 

24 xA 

28xt 

<< 

4X4ii 

614*1 

44 

4x4*1 

72.94 

0.94 

7285 

7019 

999 

9.81 

•2483 

“ i 



44 

75-94 

0.90 

7431 

7275 

9.89 

9-79 

2484 

“ tt 



44 


44 

78.94 

0.87 

7577 

7529 

9.80 

9-77 

2485 

“ i 


<4 

41 


44 

81.94 

0.84 

7723 

7778 

9-71 

9-75 

•2486 

24 >iA 

28x1 

a 

4X4i§ 

44 

6x4xH 

4X4 xH 

74.86 

0.64 

7535 

7244 

10.03 

9.84 

•2487 

“ i 


44 

77.86 

0.62 

7680 

7499 

9-93 

9.82 

2488 

“ H 

n 

44 



44 

80.86 

0.60 

7S25 

7752 

9.84 

9.80 

2489 

“ i 


44 

44 


44 

83.86 

0.58 

7970 

8001 

9-75 

9-77 

*2490 

24 xA 

28x1 

(t 

4X4i§ 

44 

6x4xJ 

4*4*! 

76.76 

0.36 

7770 

7460 

10.05 

9.86 

*2491 

i 



79.76 

0-35 

7913 

7715 

9.96 

9.83 

2492 

“ t* 

(< 

44 

ii 


“ 

82.76 

0.34 

8057 

7967 

9.87 

9.81 

2493 


(( 

44 

ii 


44 

85.76 

0-33 

8202 

8215 

9.78 

9-79 





24" X 28' 

Section. ( 

' Series. 






•2494 

24xA 

28x| 

(( 

414XJ 

44 

6x4xi 

1 6x4x1 

71.00 

1.23 

7061 

6606 

9.98 

9.65 

249; 

“ t 

44 


44 

74.00 

1.19 

7208 

6864 

9.87 

9.63 

2496 


if 

44 

44 


44 

77.00 

1. 14 

7356 

7119 

9.78 

9.62 

2497 

“ i 

(( 

44 

44 


44 

80.00 

1. 10 

7503 

7368 

9.69 

9.60 

*2498 

24*A 

28x1 

4X4xJ 

6 x 4 xA 

6x4x1^^ 

73-24 

0.85 

7379 

6838 

10.04 

9.66 

2499 

“ t 

<< 

44 

44 



76.24 

0.82 

7525 

7095 

9.93 

9.64 

2500 

“ t* 

** 


44 


44 

79.24 

0.79 

7671 

7348 

9.84 

9.63 

2501 

“ i 

({ 

44 

44 


44 

82.24 

0.76 

7817 

7598 

9-75 

9.61 

*■2502 


28xi 

4X4xJ 

6x4x1 

6x4xi 

75-44 

0.53 

7670 

7068 

10.08 

9.68 

♦2503 

** 

44 

44 



78.44 

0.51 

7815 

7322 

9.98 

9.67 

2504 

“ H 

(C 

44 

44 


<4 

81.44 

0.49 

7960 

75 7S 

9.89 

9.65 

2505 

“ I 

it 

<4 

44 


ll 

84.44 

0.47 

8104 

7823 

9.80 

9.63 


* Spacing of rivet lines of web greater than 30 x thickness of plate. 
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TABLE 85. — Continued, 
Peopertibs of Top Chord Sections, 








I 










1"^ ■ 
A ] 


f 

3 

.U 


SIt Amrles 




of 

Top Chord Section!. 

4 -- ■ 
1^1 



u 

J \ 

-f 


and 

Three Plates. 







J 








Section 

Num- 

Plates. 

Angles. 

Gross 

Eccen- 

Moments of 
Inertia. | 

Radii of Gyra- 
tion. 

Web. 

Cover. 

Top. 

Bottom. 

Area. 

tricity. 

Axis 

A-A. 

Axis 1 
B-B. 

Axis 

A-A. 

Axis 

B-B. 





Outside. 

Inside. 

A 

e 

Ia 

Ib 

Ta 

tb 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches*. 

Inches. 

Inches*. 

Inches*. 

Inches. 

Inches. 

*2506 

241A 

28x1 

4X4xi 

it 

6*4*H 

6*4*H 

77.60 

0.20 

7937 

7298 

lO.IO 

9.70 

*2507 

“ i 


44 

80.60 

0.20 

8081 

7551 

10.00 

9.68 

2508 

“ tt 

(( 

it 

44 


44 

83.60 

0.19 

8225 

7803 

9.92 

9.66 

2509 

“ i 

<< 

it 

44 


44 

86.60 

0.19 

8369 

8051 

9.83 

9.64 

*2510 


28x1 

(( 


6x41} 

44 

6. 

t4xi 

it 

79.76 

-.08 

8185 

7519 

10.12 

9.71 

•2511 

“ i 

«< 


82.76 

-.08 

8329 

7772 

10.02 

9.69 

2512 

“ tt 

(( 

(4 

44 


“ 

85.76 

-.07 

8473 

8022 

9-93 

9.67 

2513 

“ ! 

(< 

(4 

44 


44 

88.76 

“-07 

8617 

8269 

9.85 

9.65 





24" 

X30 

' Section. 






*2514 

24x1 

30 xH 

it 

4x4xi 

44 

6x4xi 

(I 

1 6x4x1 

72'57 

2.43 

6831 

7875 

9.70 

10.42 

2515 

“ t* 


it 

75-57 

2-33 

6993 

8187 

9.62 

10.41 

2516 

“ i 

a 


44 



78.57 

2.24 

7152 

8498 

9-53 

10.40 

♦2517 

24x1 

30 xH 

4X4xJ 

6 x 4 xA 

6*4*A 

74.85 

2.02 

7228 

8157 

9.83 

10.44 

2518 


(i 

44 

44 


44 

77.85 

1-94 

7384 

8468 

9-74 

10.43 

2519 

“ 1 

a 

44 

44 


44 

80.85 

1.87 

7539 

8778 

9.66 

10.42 

♦2520 

24x1 

30 xH 

a 

4X4xi 

44 

6*4*1 

44 

6*4*1 

77-13 

1.64 

7593 

8439 

9.92 

10.46 

2521 

i* 


44 

80.13 

1-59 

7745 

8749 

9.84 

10.45 

2522 


it 

44 

44 


44 

83.13 

1.52 

7896 

9057 

9-75 

10.44 

*2523 


3 o*H 

4i4*§ 

6*4*A 

6*4*A 

79-37 

1.29 

7934 

8716 

10.00 

10.47 

^^524 

t* 

it 

44 

44 


44 

82.37 

1.24 

8083 

9025 

9.91 

10.46 

2525 

“ 1 

it 

44 

44 


it 

85.37 

1.20 

8231 

9332 j 

9.82 

10.45 

•2526 


30=tH 

4X4xJ 

6*4*1 

6x4*1 

81.57 

0.96 

8248 

8989 

10.05 

10.50 

2527 

F 

4< 

44 

44 


it 

84.57 

0-93 

839s 

9297 

9-97 

10.48 

2528 

“ i 

it 

it 

44 


it 

87.57 

0.90 

8541 

9603 

9.88 

10.46 

♦2529 


3 «>xH 

4*4*1 

6*4*H 

6*4*H 

83.73 

0.66 

8531 

9258 

10.09 

10.52 

2530 

P 

<4 

44 

44 


it 

86.73 

0.64 

8677 

9563 

10.00 

10.50 

*53 1 

“ i 

it 

44 

44 


it 

89.73 

0.62 

8822 

9870 

9.91 

10.49 


Spacing of rivet lines of web greater than 30 X thickness of plate. 










TABLE 85. — Continued, 
Properties of Top Chord Sections. 













t'T 

A\ 


"HF 

3 






• 



- 


•fc 




Top Chord Sections. 

laJ] 

JX 

d 

1 

= t. 

ana 

Three Plates. 





J 






PUtes. 1 


Angles. 




Moments of 

Radii of Gyra- 








Gross 

Er«.n- 

tion. 

Section 




Bottom. 


Area. 

Axis Axis 

Axis Axis 

Num- 

Web. 

Cover. 

Top. 





A-A. B-B. 

A-A. B-B. 

Der. 




Outside. 

Inside. 

A 

e U 1 Ib 

tA Tb 


Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches*. 

Inches. Inches*. ^Inches*. 

Inches. Inches. 

•2532 

24 x 1 

30 xH 

4 X 4 xJ 

it 

6x4xi 

6x4x1 

85.89 

0.38 8806 9526 

10.13 10.53 

2533 

r i* 




88.89 

0.37 8950 9832 

10.04 10.52 

2534 

“ i 






91.89 

0.36 9094 IOI3S 

9.9s 10.50 





26" X 30" Section. / 

i Series. 



*2535 

26x1 

30 xH 

4 i 4 x§ 

<4 

4x4x4 

4 

x 4 xi 

75-63 

2.47 8220 8157 

10.38 10.38 

*2536 

“ H 


78.88 

2.37 8421 8499 

10.32 10.37 

2537 

“ i 


44 



44 

82.13 

2.27 8623 8834 

10.26 10.36 

*2538 

26x1 

302H 

(< 

4 X 4 xi 

4243 tA 

4 X 4 xA 

77-33 

2.15 8559 8363 

10.52 10.40 

*2539 

“ tt 


44 



80.60 

2.06 8757 8704 

10.43 10-39 

2340 

“ i 

tt 

44 

44 


it 

83.85 

1.98 8953 9038 

10.34 10.38 

•2541 

26x| 

30 JtH 

(( 

4 X 4 xi 

4 X 4 x| 

4 

X4x| 

it 

79-07 

1.85 8878 8563 

10.59 10.41 

*2542 

“ H 



82.32 

1.78 9062 8904 

10.49 10.40 

2543 

“.1 

it 

tt 




85-57 

1. 7 1 9265 9237 

10.40 10.39 

*2344 

26x1 

4 ( 

4X4X1 

it 

4x4x44 

4 X 4 xH 

8 o. 7 S 

1.57 9169 8764 

10.65 10.42 

2343 

“ t* 

“ 



84.00 

1.51 9360 9103 

10.55 10.41 

2546 


tt 

tt 

44 



87-25 

145 9551 9425 

10.4s 10.39 

*2347 

26x| 

301'tt 

414XJ 

44 

4x4x4 

4 

x 4 xl 

82.39 

1.32 9441 8962 

10.70 10.43 

*2548 

“ H 




85.64 

1.27 9629 9301 

10.60 10.42 

2349 

“ } 






88.89 

1.22 9817 ^32 

10.50 10.41 





26" X 30 

" Section. 

B Series. 



*2350 

26x1 

30 J'H 

4X4X1 

44 

6x4x1 

ii 

4 

X 4 xj 

77-63 

2.08 8669 8669 

10.56 10.57 

*2331 


it 



80.88 

2.00 8865 9011 

10.46 10.55 

235 * 

“ r 

tt 

44 

44 


ft 

84-13 

1.92 9061 9346 

10.37 10.53 

*2333 

26x1 

302H 

4x4x4 

tt 

6 x 4 xA 

4^ 

HxA 

44 

79.61 

1.73 9042 8939 

10.65 10.60 

2S54 

“ t* 

tt 

44 


82.86 

1.65 9238 9280 

10.55 10.58 

2333 

“ i 

tt 

44 

44 



86.11 

1-57 9434 9614 

10.46 10.56 

*2556 

26x» 

30xtt 

4x4x4 

6x4x4 

4 


81.57 

1.41 9389 9203 

10.72 10.62 

*2537 

“ H 

tt 

tt 

tt 



84.82 

1-36 9577 9344 

10.62 10.60 

2338 

“ i 

it 

tt 

44 



88.07 

1.31 9766 9877 

10.53 *0.58 

* 

spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 85. — Continued* 


Properties of Top Chord Sections. 
















Prooertiea 


A\ 



..yi 


Six Anstei 





« 



La 

t"' 





Top. Chord Sections. 

4 

l=i' 


r" 

a 


Three Plates. 






j 






Section 

Num- 

Plates. 

Angles. 

Gross 

Eccen- 

Moments of 
Inertia. 

Radii of Gyra- 
tion. 

Web. 

Cover. 

Top. 

Bottom. 

Area. 

tricity. 

Axis 

A-A. 

Axis 

B-B. 

Axis 

A-A. 

Axis 

B-B. 





Outside. 

Inside. 

A 

c 

Ia 

Ib 

Ta 

tb 


Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches*. 

Indies. 

Inches^. 

Inches*. 

Inches. 

Inches. 

* 2 SS 9 

26x| 

303 tii 

4x4X2 

6x4xH 

it 

4 H*ii 

83.49 

I. II 

’9707 

9468 

10.78 

10.64 

*25^ 

“ li 

<< 




86.74 

1.07 

9894 

9807 

10.68 

10.62 

2561 

“ i 

it 





89.99 

1.03 

1008 1 

IOI39 

10.58 

10.61 

*2562 

26x| 

30 ’'H 

i( 

4 X 4 xi 

ii 

6x4xi 

4 

x 4 xi 

85-39 

0.82 

lOOII 

9730 

10.83 

10.67 

*2563 

“ H 

it 


88.64 

0.80 

IOI95 

10069 

10.72 

10.65 

2564 

u 3 

4 






91.89 

0.78 

10379 

10400 

10.62 

10.63 





X 30' 

' Section. 

C Series. 






*2565 

26xi 

30 *H 

(( 

4 X 4 xi 

it 

6x4xi 

6 

i4xj 

it 

79.63 

1.70 

9100 

8727 

10.69 

10.46 

*2566 

“ ^ 


82.88 

1.63 

9292 

9067 

10.59 

10.45 

2567 

« 1 

4 • 






86.13 

1-57 

9481 

9403 

10.49 

10.44 

*2568 

26x| 

30 xii 

4 x<pi 

6 x 4 x^ 

(( 

6 x 4 xA 

81.87 

1-33 

9500 

9004 

10.76 

10.48 

*2569 

“ 




85.12 

1.28 

9688 

9343 

10.66 

10.47 

2370 

“ i 


<< 




88.37 

1.24 

9875 

9676 

10.56 

10.46 

•2571 

26x| 

30 J'H 

it 

4 X 4 xJ 

6x4x1 

6x4x1 

84.07 

0.99 

9870 

9275 

10.83 

10.50 

*2572 

“ H 




87.32 

0.95 

10056 

9614 

10.73 

10.49 

2573 

“ i 






90.57 

0.91 

10243 

9946 

10.63 

10.47 

*2574 

26xi 

30 )'fi 

it 

4 X 4 xJ 

6x4xii 

6x4x\i 

86.23 

0.66 

I 02 I 2 

9548 

10.88 

10.51 

*2575 

“ 




89.48 

0.63 

10397 

9885 

10.77 

10.50 

2576 

“ 1 

it 

it 




92-73 

0.61 

10582 

102 1 5 

10.67 

10.49 

*2577 

26x| 

30 xH 

4 X 4 xi 

6 x 4 xJ 

6x4x1 

88.39 

0.37 

10530 

9817 

10.92 

10.53 

*2578 

“ a 




it 

91.64 

0.36 

10723 

10154 

10.82 

10.52 

2579 

“ i 

tt 





94-89 

0.3s 

10897 

10483 

10.72 

10.51 





26" 

X3: 

Section. 






2580 

26x1 

32if 

4 x 4 xJ 

6^1 
“ ^ 

6 

X 4 x| 

84-94 

2.77 

9017 

10718 

10.30 

11.23 

2581 

** 

ii 

** 



87.22 

2.39 

9498 

11048 

10.44 

11.25 

2582 

it 

ii 

ii 



“ 1 

89.50 

2.03 

9948 

1 1379 

10.54 

11.27 

2583 

a 

ii 

tt 

it JL 


A 

91.74 

1.69 

10369 

1 1 703 

10.63 

11.29 

2584 

it 

ii 

it 

<< 5 


r t 

93-94 

1-37 

10761 

12023 

10.70 

II.3I 

2585 

it 

ii 

tt 

it ^ 



96.10 

1.06 

1 1 124 

12338 

10.76 

* 1-33 

2586 

it 

ii 

ii 

« 1 


“ i 

98.26 

1 

0.80 

11466 

12652 

lo.So 

11.35 

• 

Spacing of rivet lines of web greater than 30 X thickness of plate. 









TABLE 86. 

Properties of Top Chord Sections. 



Properties of 

Extra Heavy 

Top Chord Sections. 

‘T 

4 i_ 



— 1 




Eight Angles with 



1C 




.e 


4 

A 

.J 

I f 

d 

LI 


and Five Plates. 





1 

! 

B 


Sec- 

tion 

Num- 

ber. 

Plates. ] 

1 

Angles. 

Gross 

Area. 

Eccen- 

tricity 

Moments of 
Inertia. 

Radii of Gyra- 
tion. 

Web. 

Cover. 

Top. 

Bottom. 

Axis 

A-A. 

Axis 

B-B. 

Axis 

A-A. 

Axis 

B-B. 

Outside. 

Inside. 

Outside. 

Inside. 

A 

e 

Ia 

Ib 

ta 

rB 


Inches. 

Inches. 

Inches. 

Inches, j 

Inches. 

Inches. 

Inches.*, 

Inches.' 

Inches.* 

inches.* 

Inches. 

Inches 






22" X 28 

" Section. 






2901 

22XA 

28XJ 

6x4x5 

6x4x5 

6 X 6 X 1 

6 X 6 X 1 

99-94 

0.65 

7436 

9070 

8.62 

9-53 

2902 

« 1 

2 

<( 

“ 

tt 




tt. 

105.44 

0.62 

7660 

9478 

8.52 

9.48 

2903 

“ A 

<( 


it 

tt 




110.94 

0.59 

7884 

9871 

8.42 

9-43 

2904 

8 

<( 

(( 

tt 

tt 



tt 

116.44 

0.56 

8107 

10255 

8.34 

9.38 

2905 

“ » 

« 

<< 

tt 

tt 



it 

121.94 

0.53 

8330 

10627 

8.26 

9-33 

2906 

“ i 

tt 

ii 

tt 

ii 



it 

127.44 

0.51 

8554 

10987 

8.19 

9.28 






24 

'' X30 

" Section. 






2907 

H'Xi 

30x1 

6x4x5 

6x4x5 

6 X 6 X 5 

6X6X-J 

119 - 5 * 

0.64 

IO7IO 

12874 

9-47 

10.38 

2908 

“ A 

(( 

it 

(( 

* 



tt 

125.51 

0.61 

IIOOO 

I3413 

9-36 

10.34 

2909 

“ i 

<( 

It 

<< 

t 



tt 

131.51 

0.58 

1 1 290 

*3934 

9.27 

10.29 

2910 

“ H 

<( 

tt 

tt 




tt 

137.51 

0.5s 

11580 

14441 

9.18 

10.25 

2911 

“ i 

“ 

tt 

tt 

i 



tt 

143.51 

0.53 

11870 

14937 

9.10 

10.20 






26 

" X 33" Section. 






2912 

26XA 

3 *X| 

6x4x5 

6x4x5 

6X6X} 

6X6Xi 

131.26 

0.74 

13505 

16638 

10.14 

11.26 

2913 

" J 

<( 

tt 

(( 

‘ 



tt 

137.76 

0.70 

13874 

*7335 

10.03 

11.22 

2914 

“ H 

ti 

tt 

tt 

i 



tt 

144.26 

0.67 

14243 

18015 

9.94 

II. 17 

2915 

.. j 

(< 

tt 

tt 

‘ 



ii 

150.76 

0.64 

14613 

18682 

9.85 

II. 13 






28 

" X 34" Section. 






2916 

28Xf 

34 X 1 

X 

X 

VO 

6x4x5 

6 X 6 X 1 

5 

X6X 

1 144.01 

0.83 

16791 

21238 

10.80 

12.14 

2917 


<c 

(( 

tt 

tt 


(( 

151.01 

0.79 

17253 

22126 

10.69 

12.10 

2918 

“ i 

U 

(t 

tt 

tt 


tt 

158.01 

0.76 

I77IS 

22997 

10.59 

12.06 






30 

" X 36" Section. 






2919 

30 Xtt 

36X1 

6x4x5 

6x4x5 

6 X 6 Xi 

16 X 6 X 

>5776 

0.92 

20627 

26810 

11.44 

1.1.03 

2920 

“ i 

(( 

4 ( 

(( 

tt 


tt 

165.26 

0.88 

21196 

27920 

’**•33 

11.00 
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TABLE 87. 

Properties of Plats Girders. 


o'4 - -I- 

* ! * 

i c h 

\ • 

1 ! i l- . t 


!l^n 

\ c h, hi 

-fi- 

i C 


Some 8p)ccifications require that plate girders be proportioned by the moment of inertia of 
their gross section and some by the moment of inertia of their net section. The moment of inertia 
of the gross section can be obtained by direct addition from Tables 3, 5 and 33. The moment of 
inertia of the net section is obtained by subtracting the moment of inertia of the holes from that 
of the gross section. The moment of inertia of the holes can be calculated by the formula I — ^oh'\ 
the moment of inertia of the holes about their own axis being negligible, Aq being the diametral 
area of the hole and h the distance from the neutral axis to the center of the hole. 

The method of calculating the moments of inertia of plate girders will be illustrated by a typical 
example. 

Example: Determine the moment of inertia and section modulus of a section consisting of 
4 angles 5 x3|"xi", long legs out, 24^'' back to back, l web plate 24"x|", 2 cov. plates I2"x|'\ 

Moment of Ineitia and Section Modulus of Gross Section. 


Item. 

b. to b. Angles. | 

Extreme Fiber. 

Moment of Inertia, Axis A-A. 

Section Modulus. 

d 

c 

Table 

I 

S - I c. 

Inches. 

Inches. 

Inches. 


Inches^. 

Inches*. 

4 yjixj 

1 Wb. Pi. 24xJ 

2 Cov. PI, I2X| 

24.S 

12.25 -h 0.625 

33 

3 

S 

2074 

432 

2366 

4872 

12 . 87 s 



12.875 

Total / =» 

4872 

S = 378.4 

Moment of Inertia of Rivet Holes Rivets, 

i" holes). 




Dist, to ^ of 
Hole. 


A» - t X d 
Inches.* 


The Moment of inertia of the net section is 4872 — 973 * 3899 in.^, and the section modulus 
is 3899 ^ 12.875 « 302.8 in,*. 

^proximate Methods. 

The use of the moment of Inertia of the net section in proportioning plate girders, requires 
that holes in the compression flange be deducted as well as those in the tension flange. This only 
approximates the true condition so that great accuracy in calculating the moment of inertia of the 
net section docs not seem warranted. The following approximate solutions give results which are 
sufliciently accurate for use in design. 

xst Approximate Method: 

Net I of Angles - Gross I X - »>74 >SS6 Table 33. 

Net I of Web PI. - Gross 7 of Net* Depth - 7 of 22" X i" PI. - 333 " 3. 

Net 7 of Cov. Pis. - Gross 7 of Net Width - 7 of 2 - 10" X f " Pis. - 1972 “5. 

Total Moment of Inertia of Net Section — 3861 in.^ 

2d Approximate Method: 

Net I ■■ Gross I X ■ » 4872 X - 3989 in.^ 

Gross Area ^ 40.00 ^ 

This method aives more accurate results for sections without cover plates. 
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TABLE 88. 

Centers of Gravity of Plate Girder Flanges. 

CHICAGO, MILWAUKEE & ST. PAUL RY. 



Type! ^pel Type 5 


1 TYPE I. 

TYPE 2. 

Two Top 
Angles. 

Two 6 '' X 4" Bottom Angles. 

Two Top 
Angles. 

Four 6" X 4'' Bottom Angles. 

Thickness in Inches. 

Thickness in Inches. 

1 

i 

1 

i 

1 

1 


1*8 

1 

1 

i 

Inches. 

In. 

In. 

In. 

In. 

In. 

Inches. 

In. 

In. 

In. 

In. 

In. 

In. 

X 

OO 

X 

00 

3.81 

3.62 

3-49 

3-39 

3-33 

3.28 

4.12 

3.90 

375 

3.70 

3*55 

3.48 

4 - 3 S 

3 96 

3-83 

3-73 

3.67 

4-55 

4.30 

4.13 

3-99 

3 89 
3.81 

4.70 

4-45 

4.27 

413 

4.03 

3-94 

8X8x5 

i 

i 

i 

I 

li 

5.12 

4.81 

4-59 

4.42 

4.28 

4-38 

S -53 

5.22 

4-99 

4.80 

4,65 

4 S 3 

5.69 

5.40 

5.16 

4.96 

4.81 

4.66 

5.85 

5 -S 4 

5.30 

4.^6 

4.82 

6.07 

579 

5 -SS 

5-25 

5 06 

6.27 

5.98 

575 

5-57 

5.41 

5.26 


TYPE 3. 


Size 

of Angles. 

Width 

of 

Plate. 

Thickness of Plate, Inches. 

In. 

In. 

0 

1 

1 

1 

1 

1 

I 


li 

i| 

IJ 

i| 


Il j 

2 1 


3 

6X6XJ 

13 

1.68 

1. 12 

.98 

.86 

73 

•63 

•52 

•43 

•33 

.24 

.15 

.07 

— .02 

— .10^ 

-..8 




14 


1.09 

•95 

,82 

.70 

•59 

.48 

•39 

.29.20 

.1 I 

.03 

— .06 

-.14 

— .22 




15 


1.07 

.92 

79 

.66 

•55 

•45 

•35 

.251.16 

.07 

— .OX 

— .10 

-.18 

— .26 




16 


1.04 

,89 

•75 

•63 

•52 

.41 

•31 

.21 

.12 

.04 

-.05 

-13 

-.21 

-.29 



6X6X1 

13 

173 

1.24 

I. II 

•99 

.87 

•77 

.67 

•57 

.47-38 

.30 

.21 

.13 

.04 

-.04 




14 


I. 2 I| 

1.08 

•95 

.83 

•73 

.63 

•53 

.43 

•34 

•25 

.17 

.08 

.00 

— .08 




15 


1. 19 1.05 

,92 

.80 

.69 

•59 

•49 

.39 

.30 

.21 

•13 

.04 

-.04 

— .12 




16 


I.l6 1.02 

.89 

•77 

•65 

•55 

•45 

.35 

.26 

.17 

.09 

.00 

-.08 

— .16 



6X6Xi 

13 

1.78 

1 - 34 , 

I. 2 X 

1. 10 

•99 

.89 

.79 

.69 


•51 

•42 

•34 

•25 

.16 

.09 




14 


1.31 1. 18 

1.07 

•95 

.8s 

•75 

.65 

•55 

.46 

.38 

.29 

.20 

.12 

.05 




15 


1.29 

x.iS 

1.03 

.92 

,8i 

•71 

.61 

.51 

.42 

.33 

.25 

.16 

.06 

.00 




16 


1.26 

1.13 

1. 00 

.88 

.78 

.67 

•59 

.47 

.38 

.29 

.21 

.12 

.03 

-.04 



6X6X1 

13 

1.82 

1.42 

1.30 

1.19 

1.09 

•99 

.89 

.80 

71 

.62 

.54 

•45 

•37 

•29 

.21 




H 


1-39 

1.27:1.16 

I. OS 

•95 

■8s 

•76 

.66 

.57 

.49 

.40 

.32 

.24 

.16 




IS 


1-37 

1.24 

1. 13 

1. 01 

•91 

.81 

•72 

.62 

•S 3 

•44 

.36 

.27 

•19 

.11 




16 


I- 3 S 

1.22 

1. 10 

.98 

.87 

.78 

.68 

.58 

.49 

.40 

•32 

.22 

•14 

.07 



8X8Xi 

17 

2.19 

1.48 

1.32 

1. 17 

1.03 

.90 

78 


.56 


.36 


•17 


— .01 

-.33 

-.64 


18 


1.46 

1.29 

1. 14 

1. 00 

.86 

•74 


•52 


•32 


.13 


-.04 

-•37 

— .68 

8 X 8 X 1 

17 

2.23 

1.63 

1-47 

1.32 

1. 19 

1.07 

•95 


.73 


•S 3 


.34 


.17 

— .16 

-.48 


18 



1.44 

1.29 

1. 15 

1.02 

.91 


.69 


•49 


.30 


.12 

— .21 


8 X 8 X 1 

17 

00 

ej 

ei 

17s 

I .&3 

1.46 

*• 33 ; 

1.22 

I.XO 


.88 


.68 


.46 


•31 

— .02 

-.36 


18 


1.72 

1-57 

1-43 

1.29 

1. 17 

X.06 


.84 


.64 


.42 


.27 

— .06 

-.40 

8X8XJ 

17 

2.32 

i.8s 

1.71 

1-57 

1-45 

1.33 

X .22 


x.oo 


.81 


.62 


•45 

MI 

— .20 


18 


1.81 

1.67 

1-53 

1.41 

1.29 

x.x8 


.96 


•77 


•57i 


.40 

.07 

-.25 

8X8X1 

17 

2-37 

1.94 

1.80 

1.68 

i.SS 

1.4s 

1-35 


I.X3 


•94 


•75 


.58 

•25 

— .08 


18 


1.90 

1.76 

1.64 

1.51 

1.40 

I 30 


X.09 


.89 


71 


•S3 

.20 

— .X 2 

8X8Xli 

17 

2.41 

2.02 

1.89 

177 

1.66 

1.5s 

1-45 


X.2S 


I. os 


.87 


.70 

.36 

.06 


18 


1.98 

i.8s 

173 

1.62 

1.50 

1.40 



1.20 

MM 

1.00 


.83 


•^5 

•32 

.01 
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TA6LE 

Upset Screw Ends for Square Bars. 

AMERICAN bridge COMPANY STANDARD. 










‘V 


3 

w 


11 

■■ 11 . 

- — -a — *1 

B. Co. Standard. 

1 

i 


Pitch and Shape 

I 



of Thread A 

BAR. 

UPSET. 

Side of 
Square 
d. 

Inches. 

Area, 

Sq. 

Inches. 

Weight 

per 

Foot, 

Lbs. 

Diameter 

b. 

Inches. 

Length 

a. 

Inches. 

Additional 

Length 

for 

Upset 

4 - 10 %. 

Inches. 

Diameter 

at 

Root of 
Thread 
c, 

Inches. 

Area. 

At Root 
of 

Thread, 

Sq. Inches. 

Excess 

Over 

Area of 
Bar, %. 

* i 

0.563 

1. 91 

li 

4 

4 

0.939 

0.693 

23.2 

* i 

0.766 

2.60 

li 

4 

ii 

1.064 

0.890 

16.2 

I 

1. 000 

3.40 

li 

4 

4 

1.283 

1.294 

29.4 

li 

1.266 

4.30 

If 

4 

3 i 

1.389 

I.515 

19*7 


1.563 

5-31 

li 

4 i 

4 i 

1.615 

2.049 

31*1 


1.891 

6.43 

2 

4 i 

4 

I.7II 

2.300 

21.7 

ih 

2.250 

7.63 

2I 

5 

5 

1.961 

3.021 

34*3 

ll 

a.641 

8.9S 

2i 

5 

4 i 

2.086 

3419 

29.5 

il 

3.063 

10.41 

2i 

5 i 

4 i 

2.175 

3.716 

21.3 

il 

3.516 

11.95 

2i 

5 i 

5 

2.425 

4.619 

314 

2 

4.000 

13.60 

2i 

6 

5 

2.550 

5.108 

27*7 

2j 

4.516 

15*35 

3 

6 

4 i 

2.629 

5.428 

20.2 


5.063 

17.21 

3 i 

6J 

5 i 

2.879 

6.509 

28.6 

2i 

5.641 

19.18 

3 i 

7 

6i 

3.100 

7.549 

bo 

2i 

6.25c 

21.25 

il 

7 

7 

3 - 3>7 

8.641 

00 

2i 

6.891 

2343 

il 

7 

Si 

3 - 3«7 

8.641 

25.4 

2i 

7.563 

25.71 

4 

7 i 

6i 

3-367 

9.993 

32.1 

2 i 

8.266 

28.10 

4 i 

8 

7 i 

3.798 

11.330 

37*1 

3 

9.000 

30.60 

4 i 

8 

6 

3.798 

11.330 

25*9 

3 i 

9.766 

33.20 

4 § 

8i 

7 

4.028 

12.741 

30.5 

3 i 

10.563 

35*91 

4} 

8i 

7 J 

4*255 

14.221 

34-6 

Upsets marked 

♦ are special. 
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TABLE 90. 

Upset Screw Ends for Round Bars. 

AMERICAN BRIDGE COMPANY STANDARD. 



Pitch and Shape of Thread A. B. Co. Standard. 


BAR. 

UPSET. 

Diameter 

d, 

Inches. 

Area, 

Sq . 

Inches. 

Weight 
per Foot, 
Lb. 

Diameter 

b. 

Inches. 

Length 

a. 

Inches. 

Additional 
Length 
for Upset 
+ 10 %, 
Inches. 

Diameter 
at Root 
of Thread 
c. 

Inches. 

Area. 

At Root 
of 1 bread, 

Sq. Inches. 

Excess 
Over Area 
of Bar. %. 

* i 

0.442 

I.SO 

I 

4 

4 

00 

CO 

d 

0.551 

24.7 

* i 

0.601 

2.04 

li 

4 

5 

1.064 

0.890 

48.0 

1 

0.78s 

2.67 

If 

4 

4 

1.158 

1.054 

34-2 

li 

0.994 

00 

li 

4 

4 

1.283 

1.294 

30.2 

li 

1.227 

4-17 

li 

4 

4 

1.389 

I.5IS 

23-5 

i| 

1.48s 

5.0s 

li 

4 

4 

1.490 

1-744 

17-5 

li 

1.767 

6.0X 

2 

4 * 

4 i 

1.711 

2.300 

30.2 

li 

2.074 

7.0s 

2i 

4 i 

+ 

1.836 

2.649 

27-7 

1} 

2.40s 

8.18 

2i 

5 

4 

1.961 

3.021 

25.6 

li 

2.761 

9-39 

*1 

5 

4 

2.086 

3-419 

ca 

bo 

2 

3.142 

10.68 


si 

4 

2.175 

3-7«6 

18.3 

ii 

3-547 

12.06 

li 

si 

3 i 

2.300 

4-156 

17.2 


3.976 

13.52 

il 

6 

4 i 

2.550 

5.108 

28.4 

2| 

4-430 

15.06 

3 

6 

4 i 

2.629 

5-428 

22.5 

ii 

4.909 

16.69 

3 i 

6J 

5 i 

2.879 

6-309 

32.6 

2i 

5-412 

18.40 

3 i 

6i 

4 i 

2.879 

6.509 

20.3 

2i 

5.940 

20.19 

3§ 

7 

5 i 

3.100 

7-549 

27.x 

2l 

6.492 

22.07 

3 i 

7 

6 

3-3«7 

8.641 

33-1 

3 

7.069 

24.03 

3 i 

7 

5 

3-317 

8.641 

22.2 

3 i 

7.670 

26.08 

4 

7 i 

6 

3-367 

9-993 

30.3 

3 i 

8.296 

28.21 

4 

7 i 

5 

3-367 

9-993 

20.5 

3! 

8.946 

30.42 

4 i 

8 

' 5 i 

3.798 

11.330 

26.6 

3 § 

9.621 

32.71 

4 i 

8 

5 

3.798 

11.330 

17.8 

3 l 

10.321 

35-09 

4 i 

8| 

Si 

4.028 

12.741 

23-4 

3 i 

11.04s 

37-55 

4 i 

8J 

6 

4-255 

14.221 

28.8 

3 i 

11.793 

40.10 

4 i 

8i 

Si 

4-255 

14.221 

20.6 


Upsets marked * are special. 


TOT 





TABLE 91. 

Standard Eye Bars. 
American Bridge Company Standards. 












































TABLE 92. 

Loop Rods. 

AMERICAN BRIDGE COMPANY STANDARD. 



61 
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Number of 
Clevis. 


TABLE 93. 

Clevises. 

AMERICAN BRIDGE COMPANY STANDARD. 

All dimensions in inches. 



210 


Number of 




















TABLE 94. 

Turkbucklbs and Slbbvb Nuts. 

AMBRICAN BRIDGB COMPANY STANDARD. 
All Dimensions in Inches. 


A 

P 

|A| ; 

TURNBUCKLES. 

d. 

W-B- 

Id 

Pitch and 


n 


i. 

6"; A •• 9^9 for tumbuckles marked •. 
tch and shape of thread, A. B. Co. Standar 

shape of thread, A. B. Co. Standan 

Dlam. 


Standard Dimensions. 


.CO 

Diam. 


Standard Dimensions . 










M a 

of 







.a>c 

Screw. 







Screw. 








U 

D 

L 

c 

t 

G 

B 


U 

D 

L 

A 
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c 

t 


1 

A 

7 i 

A 

A 

i 

lA 

, 









A 

a 

7 A 

1 
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1 

If 

I 









i 

i 

7 i 

I 

i 

1 

ii 

I 









A 

a 

7 H 

ii 

A 

i 

I A 

li 
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a 

7 i 

ii 

A 

i 

lA 

li 









i 

li 

'8i 

lA 

ii 

i 

2 

2 










i 

lA 

8i 

li 

1 

I 

2i 

3 

i 

li 

7 

i| 

li 

Ii 

i 

3 

I 

ij 

9 

lA 

A 

li 

2A 

4 

I 

li 

7 

i| 

Ii 

Ii 

i 

3 

It 

iH 

9 i 

lA 

i 

li 

2A 

5 

li 

Ii 

7 i 

2 

2A 

Ii 

A 

4 

li 

li 

9 i 

lA 

i 

if 

2i 

6 

Ii 

Ii 

7 l 

2 

2A 

If 

A 

4 

l| 

2A 

lof 

iH 

i 

i| 

3 A 

7 

1} 

2 

8 

2i 

2i 

Ii 

i 

5 

li 


loj 

Ii 

1 

li 

sA 

8 

li 

2 

8 

2| 

2i 

i| 

i 

6 

If 

2A 

loi 

2 

I 

il 

3J 

10 

li 

2i 

8J 

2i 

3 A 

li 

A 

8 

If 

2l 

Hi 

2i 

1 

2 

3 i 

11 

Ii 

2i 

81 

2i 

3 A 

Ii 

A 

9 

li 

2H 

III 

2A 

H 

2i 

3 l 

12 

Ii 

2l 

9 

3 i 

3 l 

2i 

i 

10 

2 

3 

12 

2| 

H 

2i 

4 i 

14 

2 

2i 

9 

3 i 

3 i 

2i 

i 

11 

2i 

3 A 

I2| 

2j 

H 

2i 

4 i 

17 

2i 

2i 

9 i 

3 i 

4A 

2i 

A 

14 


3 l 

I2i 

2ii 

H 

2i 

4 i 

20 

2i 

2i 

9 i 

3 i 

4 A 

2| 

A 

15 

2t 

3 A 

I 3 t 

2i 

« 

2i 

4 l 

22 

2i 

3 

10 

3 i 

4 i 

2i 

i 

18 


3 i 

i 3 i 

3 A 

H 

3 

Si 

25 

2i 

3 

10 

3 i 

4 i 

2i 

i 

19 

2i 

4 i 

I 4 i 

3 i 

« 

3 i 

si 

33 

2i 

3 i 

lOj 

4 i 

4 ii 

2i 

H 

23 

2I 

4 A 

14I 

sA 

lA 

3i 

6A 

36 

*i 

3 i 

11 

4 i 


3 i 

i 

27 

3 

4 i 

IS 

3 t 

lA 

3 i 

6| 

40 

3 

3 i 

11 

4 i 

Si 

3 i 

i 

28 

3 i 

4 } 

isi 

3 i 

lA 

4 

6i 

50 

3 i 

3 f 

llj 

s 

sH 

3 l 

fi 

35 

1 

si 

I6i 

4 i 

lA 

4 

7 i 

6S 

3 i 

4 

12 

si 

6i 

3 i 

i 

40 

3 J 

Si 

I 7 l 

4 A 

lA 

S 

8i 

95 

3 i 

4 l 

I2i 

si 

6H 

3 i 

H 

47 

4 

6 

18 

4 t 

lA 

S 

8i 

108 

4 

4 i 

13 

6i 

7A 

4 l 

t 

55 


6i 

21J 

4 l 

If 

sA 

9 i 

140 

4 i 

4 i 

I 3 I 

6i 

7 i 

4 i 

lA 

6S 

* 4 i 

6i 

22| 

Si 

If 

6i 

loi 

195 


5 

14 

6i 

7 ii 

4 l 

lA 

75 

* 4 l 

7l 

23 i 

Si 

2 

6i 

Hi 

205 









*5 

L 

7i 

24 

6 

2i 

6i 


250 
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TABLE 95. 

Bridge Pins and Nuts. 

AMERICAN BRIDGE COMPANY STANDARD. 
All Dimensions in Inches. 


Shoulders . 


K 



To obtain grip, add A'' lor each bar. Nuts threaded 6 threads per inch. 
To obtain distance between shoulders, add amount given in table to grip. 


Pin. 


Nut. 


Diameter of Pin. 
d. 

Thread. 

Add 

Thick- 

Diameter. 

Depth 

8 

Diam- 

eter 

Rough 

Hole. 

Weight, 

Pounds. 

Pattern 

No. 

a 

b 

Grip. 

t 

n 

m 

c 


2 , 

2 i 

I'i 

I 

i 

4 

i 

244 

3i 

2 i 

I 

4 


1. 1 

PN 21 


24. 

2 i 

2 

ij 

1 

4 

I 

3iV 

44 

3i 

4 

iH 

1-7 

PN 22 

3, 

*3i, 

3i 

2i 

li 

i 

li 

4A 

s 

34 

i 

2 A 

2-S 

PN 23 


*3}, 

4 

3 

li 

4 

>i 

44 

si 

41 

I 

2 H 

37 

PN 24 

*4i, 

4i> 

*41 

3i 

*i 

4 

li 

54 

6 | 

s4 

4 

3A 

4.6 

PN 25 


.S» 

*5i 

4 

T S 
‘ 8 

4 

i4 

6 i 

7fV 

5 4 

4 

3H 

6.2 

PN 26 

5i, 

*5l. 

6 

4i 

il 

4 

li 

7 

84 

64 

1 

4A 

7.8 

PN 27 



♦ 6 i 

5, 

il 

i 

i\ 

7l 

84 

7 

i 

4fi 

9-9 

PN 28 


*6i, 

7 

si 

2 

j 

li 

84 

9i 

74 

i 

sA 

II.8 

PN 29 


♦7i, 

♦7i 

si 

2 

i 

d 

8| 

10 

8 

i 

sA 

14-3 

PN 30 

*7l 

8, 

♦8i 

6 

2i 

2i 

9i 

io4 

84 

i 

sd 

1 8.6 

PN 31 

1*81, 


9 

6 

2i 

! 

24 

loj 

"4 

9l 

i 

5fi 

23.8 

PN 32 

1*94, 


10 

6 


1 

2l 

Id 

13 

lof 

i 

sH 

311 

PN 33 


Pins marked ♦ are special. 


2i3 






TABLE 96. 

Cotter Pins. 

AMERICAN BRIDGE COMPANY STANDARD. 

All Dimensions in Inches. 



Horizontal or Vertical Pin Finished. Horizontal Pin Rough or Finished. 


Pin. 

Head. 

G 

Cotter. 1 

Pin. 

G 

Cotter. 

P 

H 

C 

D 

P 

C 

D 

>1 

li 


2 

1 

1 1 


2 

1 

4 

ij 

li 



I 

4 



2i 

1 

4 

li 

2 


2l 

i 



2i 

i 

4 

2 

2i 

-f 

3 

1 

2 

-f 

3 

1 

2i 

2i 

CL 

3i 

i 


a 

3i 

i 



'C 

3i 

i 

2i 

* U 

3i 

i 

2i 


O 

4 

i 

2i 

O 

4 

1 

3 

si 

o 

5 

i 

s 

o 

5 

i 

3t 

si 


5 

i 

si 

"Z 

5 

i 

3J 

4 


6 

i 

si 


6 

i 

3} 

4i 


6 

i 

si 


6 

i 


218 





TABLE 97 

Bearing Values of Pins. 




45 ooo 
800 


60 000 
63 800 
67 500 
71 300 

75 000 
78 800 
82 500 
86 300 

90 oc» 
93 800 
97 500 
loi 300 

105 000 
108 800 
1 12 500 
1 16 300 

120 000 
23 800 


127 500 
131 300 

135 000 
800 


168 800 
172 500 


170 300 
180 000 


80 000 

88 000 

96 000 

85 000 

93 500 

102 000 

90 000 

99 000 

108 000 

95 000 

104 500 

114 000 

100 000 

iio 000 

120 000 

105 000 

IIS 500 

126 000 

no 000 

121 000 

132 000 

115 000 

126 500 

138 000 

120 000 

132 000 

144 000 

125 000 

137 500 

150 000 

130 000 

143 000 

156 000 

13s 000 

148 500 

162 000 

140 000 

154 000 

168 000 

145 000 

159 500 

174 000 

150 000 

165 000 

180 000 

155 000 

170 500 

186 000 

160 000 

176 000 

192 000 




170 000 

i»7 000 

204 000 

175 000 

192 500 

210 000 

180 000 

198 000 

216 000 

185 000 

203 500 

222 000 

190 000 

209 000 

228 000 

195 000 

214 500 

234 000 

200 000 

220 000 

240 000 

205 000 

225 500 

246 000 

210 000 

231 000 

252 000 

215 000 

236 500 

258 000 

220 000 

242 000 

264 000 

225 000 

247 500 

270 000 

230 000 

253 000 

276 000 

235 

258 500 

282 000 

240 000 

264 000 

288 000 



214 





















TABLE 0B 

Bending Moments on Pins, 


Pin 


Max. Moments 

in Inch-Pounds for Fiber Stress per Square Inch of 

Diami 

Diam. 
in In. 









of Pin 

Area. 

15 000 

18 000 

20 000 

22 000 

22 500 

24 000 

25 000 

in In. 

I 

.785 

I 470 

I 770 

I 960 

2 160 

2 210 

2 360 

2 450 

I 

li- 

1.227 

2 880 

3 450 

3 830 

4 220 

4 310 

4 600 

4 790 

ij 

li 

1.767 

4 970 

5 960 

6 630 

7 290 

7 460 

7 950 

8 280 

li 

li 

2.405 

7 890 

9 470 

10 500 

II 580 

H 800 

12 630 

13 200 

li 

2 

3.142 

II 800 

14 100 

IS 700 

17 280 

17 700 

18 800 

19 600 

2 


3.976 

16 800 

20 100 

22 400 

24 600 

25 200 

26 800 

28 CXXJ 

2i 


4.909 

23 000 

27 600 

30 700 

33 700 

34 500 

36 800 

38 300 

2i 

2i 

5.940 

30 600 

36 800 

40 800 

44 90P 

45 900 

49 000 

51 000 

2f 

3 

7.069 

39 800 

47 700 

h 000 

58 300 

59 600 

63 600 

66 300 

3 

3 i 

8.296 

50 600 

60 700 

67 400 

74 100 

75 800 

80 900 

84 300 

3 i 

35 

9.621 

63 lOO 

75 800 

84 200 

92 600 

94 700 

lOI cxx> 

105 200 

3 i 

3 i 

11.045 

77 700 

93 200 

103 500 

113 900 

1 16 500 

124 300 

129 400 

3 i 

4 

12.566 

94 200 

113 100 

125 700 

138 200 

141 400 

150 800 

157 100 

4 

45 

14.186 

113 000 

135 700 

150 700 

165 800 

i^ 600 

180 900 

188 4 CX 5 


45 

15.904 

134 200 

161 000 

178 900 

196 800 

201 300 

214 700 

223 700 

4 i 

4 i 

17.721 

157 800 

189 400 

210 400 

231 500 

236 700 

252 500 

263 000 

4 i 

5 

19.615 

184 100 

220 900 

24s 400 

270 000 

276 100 

294 500 

306 800 

5 , 

si 

2 1 .648 

213 100 

255 700 

284 100 

312 500 

319 600 

340 900 

355 200 

si 

55 

23.758 

245 000 

294 000 

326 700 

359 3C0 

367 500 

392 000 

408 300 

s| 

si 

25.967 

280 000 

336 000 

373 300 

410 600 

419 900 

447 900 

466 600 

si 

6 

28.274 

318 100 

381 700 

424 100 

466 500 

477 100 

508 900 

530 100 

6 

61 

30.680' 

359 500 

431 400 

479 400 

527 300 

539 300 

575 200 

5()9 200 

6i 

6i 

33.183 

404 400 

485 300! 

539 200 

593 100 

606 600 

647 100 

674 000 

6J 

6i 

35.785 

452 900 

543 500 

603 900 

664 300 

679 400 

724 600 

754 800 

i 

7 

38.485 

505 100 

606 100 

673 500 

740 800 

757 700 

808 200 

841 800 

7 

7 i 

41.282 

561 200 

673 400 

748 200 

823 100 

841 800 

897 900 

935 300 

7 i 

7 i 

44.«79 

621 300 

745 500 

828 400 

91 1 200 

931 900 

994 000 

I 035 400 

7 | 

7 i 

47.173 

685 500 

822 600 

914 000 

I 005 400 

I 028 200 

I 096 800 

I 142 500 

7 i 

8 

50.265 

754 000 

904 800 

I 005 300 

I 105 800 

I 131 000 

I 206 400 

I 256 6cxd 

8 

81 

53.456 

826 900 

992 300 

I 102 500 

I 212 800 

I 240 400 

I 323 000 

I 378 200 

81 

8i 

56.74s 

904 400 

I 085 300 

I 205 800 

I 326 400 

I 356 600 

I 447 000 

I 507 300 

8i 

8i 

60.132 

986 500 

I 183 900 

I 315 400 

I 446 900 

1 479 800 

-vi 

00 

Cn 

8 

I 644 200 

8i 

9 

63.617 

I 073 500 

1 I 288 200 

I 431 400 

I 574 500 

I 610 300 

I 717 700 

I 789 200 

9 , 

9 i 

67.201 

I 165 500 

1 I 398 600 

I 554 000 

I 709 400 

I 748 300 

I 864 800 

I 942 500 

9 i 

9 i 

70.882 

I 262 600 

> I 515 100 

1 1 683 500 

11851 800 

I 893 900 

2 020 IOC 

•2 104 soc 

9 i 

9 i 

74.662 

I 364 90c 

1 I 637 900 

1 1 819 900 

► 2 001 900 

1 2 047 400 

2 183 9cx: 

►2 274 90C 


10 

78.54c 

) I 472 60c 

► I 767 IOC 

1 1 963 50c 

» 2 1 59 80c 

t 2 208 900 

2 356 20C 

> 2 as4 40c 

10 

io 4 

82.516 

; 1 585 90c 

> I 903 OOC 

» 2 114 50c 

>2 325 90c 

» 2 378 80c 

2 537 40c 

) 2 643 IOC 

lOj 

loi 

86.59c 

> I 704 70c 

)2 045 70c 

> 2 273 OOC 

> 2 500 30c 

>2 557 IOC 

2 727 60C 

> 2 841 20c 

loi 

loj 

90.763 

; 1 829 40c 

>2 195 30c 

> 2 439 20c 

>2 683 20c 

> 2 744 IOC 

2 927 IOC 

>3 049 IOC 

lO} 

II 

95-033 

[ I 960 IOC 

) 2 352 IOC 

) 2 613 40c 

) 2 874 80c 

) 2 940 IOC 

3 136 IOC 

) 3 266 8a 

> II 

Hi 

99.402 

t 2 096 80C 

>2 516 IOC 

) 2 79'; 70c 

>3 075 20c 

>3 14s IOC 

3 354 Sot 

) 3 494 60c 

) Hi 

Hi 

103.86s 

) 2 239 70c 

) 2 687 60c 

) 2 986 20c 

>3 284 90c 

> 3 359 50c 

>3 583 50 « 

>3 73 * 8 o( 

) Hi 

iii 

108.43^ 

^ 2 388 90c 

>1 866 70c 

>3 185 20c 

>3 503 80c 

>3 583 4 « 

>3 822 s<x 

D 3 981 6a 

3 Ilf 

1 

113.09; 

r 2 544 70c 

) 3 053 60c 

) 3 392 9CX 

>3 732 20c 

>3 817 OOC 

) 4 071 5CX 

:>4 241 2a 

:> 12 
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TABLE 99. 

Long Pilot Nuts. 

American Bridge Company's Standards. 
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TABLE 100 

Short Pilot Nuts and Driving Nuts, 
American Bridge Company’s Standards. 


■I 



Dimensions in Inches. 


S H L T R 


Dimensions in Inches. 


* A “ 




UA “ 


Uh 3 



ea si Sa-s : --^3 '0.2 

§o So.2 bcC' Ctj 'm-o 

.az .SfSs V §; cc* 

Q 1 Jo m -'I 

D S H TIL E R 


l« ,1,1 

° 

B 1? 


4" 4" I A" 

4 2 >li 

3i 2i 2i< 

4i 3 24 

4? 3i 3A 
Si 4 3ii 

6i 4i 4A 
61 5 4il 

7i Si SA 

8i 6 54 

9i “ “ 

loi “ 

Hi “ “ 


4" 2i" U" 2" 2A" i" .( 

4l “ 4 2A 25 “ < 

5 2i lA 2i 3A i 


** || 


i4 4 3l 

ifi “ 3i 

i4 2| 35 


2A 2} 3l “ 2; 

24 3i 4l “ 3; 

24 “ “ “ S' 


:: 


3 8} 3i 


4 S5 

U (t 


4i li 

si “ 

“ “ IS< 



Pilot Nuts and Driving Nuts are made from special 
hard steel. Pilot nuts are finished all over. 

Screws 6 threads per inch. 

When short pilot nuts are needed on bottom chord 
pins, long pilot nuts are to be sent for all other pins, 
in addition. 
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TABLE 101. 

ScR&w Threads. 

AMERICAN BRIDGE COMPANY STANDARD. 

Bolts, Rods, Eye Bars, Turnbuckles, Sleeve Nuts, and Clevises. 


vA/l|\!r 
-*1 "*1 


Diameter. 

Area, 

Number 

Diameter. 

Area. 

Number 

Total 

d. 

In. 

Net. 

c. 

In. 

Total 
Dia., d, 
Sq. In. 

Net 
Dia., c, 
Sq. In. 

of 

Threads 

per 

Inch. 

Total, 

d. 

In. 

Net, 

c. 

In. 

Total 
Dia., d, 
Sq. In. 

Net 
Dia., c, 
Sq. In. 

of 

Threads 

per 

Inch. 

\ 

.185 

.049 

.027 

20 


2.175 

4.909 

3.716 

4 

1 

.294 

.110 

.068 

16 

2| 

2.300 

5.412 

4.156 

4 

J 

.400 

.196 

.126 

13 


2.425 

5.940 

4.619 

4 

1 

.507 

.307 

.202 

XI 

2i 

2.550 

6.492 

5.108 

4 

i 

.620 

.442 

.302 

10 






i 

•731 


.419 

9 

3 

2.629 

7.069 

5.428 

3 i 






3 i 

2.879 

8.296 

6.309 

3) 


.838 

.785 

•551 

8 

3 i 

3.100 

9.621 

7 S 49 

3 i 

li 

•939 

•994 

•693 

7 

3 i 

3-317 

11.045 

8.641 

3 


1.064 

1.227 

.890 

7 



i 




1.158 

1-485 

1.054 

6 

4 

3 -S 67 

12.566 

9-993 

3 

I* 

1.283 

1.767 

1.294 

1 6 

4 i 

3798 

14.186 

11.330 

2I 

li 

1.389 

2,074 

1 1515 

' Si 

4J 

4.028 

15.904 

12.741 

2i 


1.490 

2.405 

1.744 

1 5 

4 l 

4-255 

17.721 

14.221 

2i 

It 

1.615 

2.761 

2.049 

S 






1 





5 

4.480 

« 9 - 63 S 

15.766 

2i 

1 2 

I.711 

3.142 

2.300 

4 § 

Si 

4.730 

21.648 

I 7 S 74 

2i 

! 2j 

1.836 

3-547 

2.649 

4I 

Si 

4-953 

23.738 

19.268 

2i 


1.961 

3-976 

3.021 


Si 

5.203 

23.967 

21.262 


1 

2 i 

2.086 

4.430 

3419 

4 i 

6 

5-423 

28.274 

23.095 

2i 




Bolt Heads and Nuts. 
AMERICAN BRIDGE COMPANY STANDARD. 





Finished Nut. 


I.sd + A" 



l. 5 d + A" 


For Screw Threads. Bolt Heads and Nuts, the American Bridge Company has adopted the 
Franklin Institute Standard, commonly known as United States Standard. 
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Diameter of Bolt, 
Inches. 


TABLE 102. 

Bolt Heads and Nuts, Dimensions in Inches. 

AMERICAN bridge COMPANY STANDARD. 


Diameter of Bolt, 

Inches. 

HEAD. 1 

Diameter of Bolt, 

Inches. 

NUT. 1 

Hexagonal 

Hex. or 
Square. 

Square. 

Hexagonal. 

Hex. or 
Square. 

Square. 

Heugronal. 

Diameter. 

Ilex, or 
Square. 

9 

Square. 

Diameter. 

Diameter. 

Hex. or 
Square. 

m 

Square. 

Diameter. 

Diameter. 

Diameter. 

Diameter. 

Diameter. 

Long. 

Short. 

Height. 

Long. 

Short. 

Long. 

Short. 

Height. 

Long. 

Short. 

i 

i 

i 

i 

ti 

i 

l 

i 

i 

1 

4 

tt 

i 

i 

a 

H 

i 

1 


i 

li 

li 

i 

1 

H 

i 

i 

1 

A 

II 

i 

i 

1 

i 

1 

II 

i 

I 

li 

«A 

A 

1 } 

lA 

i 

.1 
* 4 

lA 

1 

li 

lA 

i 

I A 

li 

i 


•i 

i 

jA 

II 

1 

iH 

II 

1 

iH 

I A 

i 

2A 

lA 

i 

iH 

I A 

i 

2A 

I A 

I 

li 

«i 

il 

2A 

If 

I 

ij 

if 

I 

2 A 

li 

il 

2i 


« 

2 A 

iH 

li 

2i 

lU 

II 

2A 

ili 

li 

2 A 

2 

I 

2li 

2 

II 

2 A 

2 

•1 

2li 

2 

li 

2 A 

2A 

li 

3i 

2A 

i| 

2 A 

2 A 

li 

3i 

2A 

li 

21 

2i 

>A 

3i 

2i 

li 

2l 

2i 

il 

3 I 

2| 

li 

3 

2A 

lA 

3j 

2A 

li 

3 

2A 

li 

3l 

2 A 

li 

3A 

2i 

If 

3l 

2 I 

li 

3 A 

2j 

If 

3i 

2i 

li 

3A 

2H 

li 

4 A 

2fi 

li 

3A 

2li 

li 

4A 

2}i 

2 

3i 

3i 

«A 

4 A 

3i 

2 

3i 

3l 

2 

4 A 

3l 


4 A 

3i 

>i 

4U 

3i 

2l 

4 A 

3i 

2l 

4H 

3l 


4l 

3i 

ili 

si 

3i 

2l 

4l 

3i 

2l 

si 

3i 

2i 

4H 

41 

21 

6 

4l 

2l 

4ii 

4l 

2i 

6 

4l 

3 

5i 

4l 

2 A 

6A 

4i 

3 

5i 

4i 

3 

6A 

4i 

3i 

sli 

s 

2i 

7A 

5 

3l 

sH 

S 

3l 

7A 

s 


61 

si 

2H 

7i 

Si 

3i 

61 

si 

3i 

7i 

si 


Bolt Threads, Length in Inches. 


Length, 

Diameter, Inches. 

Inches. 

1 

1 

i 

1 

I 

i 

I 


li 

I to li 

1 

i 

I 

ft 






ll to 2 

i 

i 

I 

li 

li 

li 




2I to 2I 

i 

i 

I 

II 

li 

li 

li 



2ito 3 

1 

i 

1 

II 

li 

li 

li 

2i 


3ito 4 

i 

i 

II 

li 

ll 

li 

If 

2i 

2i 

4i to 8 

I 

I 

II 

‘1 

ll 

2 

2I 

2i 

2j 

81 to 12 

1 

I 

li 

ij 

2 

2i 

2I 

3 

3 

I 2 l to 20 

I 

• 

li 

2 

2 

2i 

2l 

3 

3 


Bolts not listed arc threaded about 3 times the diameter; in no case arc standard bolts threaded 
closer to the head than } inch. 

— ^ — I — ■ ■ I ■■ I - — — — — 
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TABLE 103. 

Bolts with Hexagon Heads and Nuts. 

AMERICAN BRIDGE COMPANY STANDARD. 

Weight in Pounds per ioo Bolts. 


























TABLE 104. 

Bolts with Square Heads aot Nuts. 

AMERICAN BRIDGE COMPANY STANDARD. 

Weight in Pounds per ioo Bolts. 

















TABLE 105; 

Lengths of Bolts and Tib Rods. 



I" r I" 


ij” li" 
li li 
li i| 


i li 
i 2 
i 2 
i 2 i 
i 2 l 
i 2 i 
i 2 i 


i 3 

I li 
! li 

i 3 i 
3 4 

i 4 


I 4 i 
i 4 i 

J 4L 


li li 
li 2 


2 i 2 i 
2 i 25 
2i li 
2j 2i 
2i 2i 


\ 3 i 

Ij 1 | 

. 3 i 3 i 
3 i 3 i 
3 i 3 i 
4 4 

4 4 

4 4 | 

41 4 l 
4 l 4 i 
4 i 4 i 
4 i S 


2 2} 
2 i 2 i 
2i 2i 
2i 2i 
2i 2I 
2i 2i 
2 i 3 

3 3 

3 3 i 
3 i 3 i 
3 i 3 i 

3i 3i 
3 | 3 | 
3} 3 i 


4 i 4 i 
4 l 4 i 
4 l 4 i 
4 i 5 
S 5 
S S 
S S 


i s 

1 5 i 

I Si 

i si 

i si 

S 6 

i 6 

i 6 

i 6 

i 6 i 

i 6 i 

i 6 i 

i 6 i 

7 

I ; 

i 7 i 

I 7 i 

I 7 i 

i 7 l 

7 8 


i 8 

i 8 i 

I 8i 
I 8i 
J y_ 


r r v 

s" s" s" 
S s si 

5 si si 

Si Si Si 

si si si 
si si 6 

Si 6 6 

6 6 6 

6 6 6 
6 6 6i 

6 61 6i 

6i 6i 6i 
61 61 61 
6! 6i 7 

6i 7 7 

7 7 7 

7 7 7 

7 7 7l 

7 7i 7l 
7i 7l 7l 
7i 7i 7i 
7i 7i 8 

7i 8 8 

8 8 8 
8 8 8 

8 8 8i 
8 81 81 
81 81 81 
81 81 81 
8i 81 9 

8 i 9 9 

9 9 9 


Si" 8" 

si i 

si i 

Si i 

6 i 

6 i 

6 i 

6 i 

61 9 

61 i 

61 i 

61 i 

7 1 

7 i 

7 i 

7 i 

7 i 10 

7 i i 

7 i i 

7 i I 

8 1 

8 i 

8 J 

8 I 

81 II 


1" I" 1" 


9l 9i 
9l 9i 
9i 9i 
9i >0 


9 i 9 i 
9 i 9 i 
9 l 9 i 
9! 10 


O loj 
oj loi 
oj 10 J 
o| loj 


For Cut Threads 
use I'', i" and t'* Rods 






For Rolled Threads use 
H" instead of Rods 
instead of I^s 


I-I> 2, 3 

1-6 

1-4. S. 6 

1-9 

1-7. 8, 9 

2-0 

I-IO, II 

2-3 

2-0 


2-1 f 2y 3 

2-6 



00 

0 

7-0 

6-10, II 

7-3 

7-0 

7 -r 

7 - 1 , 2, 3 

76 

7 - 4 , S, 6 

7-9 

7 - 7 . 8. 9 

8-0 

7-10, II , 

18-3 


/ // 


8-0 


8-1, 

2 y 3 

8 - 4 . 

S. 6 

8 - 7 . 

8, 9 

8-10, 

I 11 
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TABLE 106 . 

Structural Rivets. 

AMERICAN BRIDGE COMPANY STANDARD. 

Weight in Pounds per ioo Rivets with Button Heads. 


Length 

Under 

Head, 

Inches. 



Diameter of Rivet, Inches. 


Length 

Under 



Diameter of Rivet, Inches. 


1 

§ 

1 

! 

i 

X 

1* 


Head, 

Inches. 

1 

i 

f 

1 

i 

I 

Ij 

li 

li 

i 

i 

6 

7 

7 

12 

13 

13 

23 

35 

50 

68 

91 

130 

s 

i 

i 

i 

i 

18 

18 

19 

19 

20 

33 

34 

34 

35 

36 

53 

54 

55 

56 

57 

78 

80 

8 z 

83 

8S 

109 

111 

II3 

II5 

II8 

146 

149 

152 

155 

157 

190 

193 

197 

200 

204 

252 

256 

260 

265 

269 

i 

7 

14 

24 

36 

52 

71 

95 

134 

i 

20 

36 

S8 

86 

120 

160 

207 

273 

1 

8 

IS 

2 S 

37 

54 

74 

98 

139 

i 

20 

37 

60 

88 

122 

163 

2 II 

278 

i 

8 

IS 

26 

39 

56 

77 

102 

143 

i 

21 

38 

61 

89 

124 

166 

214 

282 

2 

9 

i6 

27 

41. 

S8 

80 

105 

148 

6 

21 

38 

62 

91 

126 

169 

218 

287 

i 

9 

17 

28 

43 

60 

82 

109 

152 

i 

22 

39 

63 

93 

128 

I7I 

222 

291 

i 

9 

i8 

29 

44 

62 

85 

112 

156 

1 

4 

22 

40 

64 

94 

130 

174 

225 

295 

i 

lO 

i8 

30 

4C 

64 

88 

1 16 

I 6 I 

a 

8 

22 

40 

65 

96 

132 

177 

229 

300 

i 

10 

19 

31 

47 

67 

91 

1 19 

165 

h 

23 

41 

66 

97 

135 

180 

232 

304 

i 

II 

20 

32 

49 

69 

93 

123 

169 

1 

23 

42 

67 

99 

137 

182 

236 

308 

1 

II 

20 

34 

50 

71 

96 

126 

174 

3 

4 

24 

43 

68 

IOO 

139 

I8S 

239 

313 

i 

II 

21 

35 

52 

73 

99 

130 

178 

1 

24 

43 

69 

102 

I4I 

188 

243 

317 

3 

12 

22 

36 

54 

75 

102 

133 

182 

7 

24 

44 ; 

70 

104 

143 

I9I 

246 

321 

i 

12 

22 

37 

55 

77 

105 

1 137 

187 j 

i 


45 

71 

105 

145 

194 

250 

326 

i 

13 

23 

38 

57 

79 

107 

1 

I9I 

X 

4 

25 

45 

73 

107 

147 

196 

253 

330 

t 

13 

24 

39 

58 

81 

1 10 

144 

195 

i 

26 

46 

74 

108 

149 

199 

257 

334 

i 

13 

24 

40 

60 

84 

113 

148 

200 

i 

26 

47 

75 

no 

152 

202 

260 

339 

i 

H 

25 

41 

61 

86 

1 16 

151 

204 

f 

26 

47 

76 

III 

154 

205 

264 

343 

1 

H 

26 

42 

63 

88 

1 18 

155 

208 

1 

i 

27 

48 

77 

II3 

156 

207 

267 

347 

i 

IS 

27 

43 

64 

90 

121 

158 

213 

i 

27 

49 

78 

II4 

158 

210 

271 

352 

4 

IS 

27 

44 

66 

92 

124 

162 

217 

8 

27 

50 

79 

II6 

160 

213 

274 

356 

i 

IS 

28 

45 

68 

94 

127 

165 

221 

i 

28 

50 

80 

118 

162 

216 

278 

360 

i 

i6 

29 

47 

69 

96 

130 

169 

226 


28 

51 

81 

II9 

164 

219 

281 

36 s 

i 

i6 

29 

48 

71 

98 

132 

172 

230 

i 

29 

52 

82 

I 2 I 

166 

221 

28s 

369 

i 

i6 

30 

49 

72 

lOI 

135 

176 

234 

i 

29 

52 

83 

122 

169 

224 

288 

373 

i 

17 

31 

50 

74 

103 

138 

179 

239 

i 

29 

53 

84 

124 

I7I 

227 

292 

378 

i 

17 

31 

51 

75 

105 

141 

J 83 

243 

i 

30 

54 

86 

125 

173 

230 

295 

38 J 

1 

i8 

32 

52 

77 

107 

143 

186 

247 

1 

30 

54 

87 

127 

175 

232 

299 

386 


Button Heads. 

Diameter of Rivets, Inches. 

1 

B 

1 

1 

i 

X 

I* 

li 

IOO Heads as made on rivets, Pounds . . . 
IOO Heads as driven in work, Pounds . . . 

2.4 

1-9 

m 

9.7 

Lil. 

16.0 

I 2 .S 1 

24.0 

18.S 

35.0 

27.0 

49.0 

37.S 
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TABLE 107. 

Lengths of Field Rivets and Bolts for Beam Framing. 



224 


BEAMS 





























TABLE 108. 

Structural Rivets. 

AMERICAN BRIDGE COMPANY STANDARD. 

Lengths of Field Rivets for Various Grips. 

Dimensions in Inches. 



62 
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TABLE 109. 

Standards for Rivets and Riveting. 


CONVENTIONAL SIGNS FOR RIVETING 


Shop Rivets 

Countersunk 
and chipped 


Field Rivets 

Countersunk 
and chipped 


Shop Rivets 

Countersunk but , Flattened . Flattened 
j not chipped J „to W' hljrh to % hi«h 
iMax. height. V6 and 






GAGES FOR ANGLES, INCHES 


Leg 

8 

7 

6 

5 

4 

[3)4 

3 


2 

,1^4^! 


1?^ 

1M| 

gl 


4 

3H 

3 

2)4 

2 


IH 


1 

% 

% 

5^ 

g2 

3 

2)4 

2)4 

2 










g3 

3 

3 

2)4 











Max. rivet 

w 

1 

y» 

H 












For cpiumn details, 6" leg (H inch thick or less) against column shaft, g2 = 1^", gs =3 3". 
For diagonal angles, etc., gage in middle, where riveted leg equals or exceeds 3" for ^ " rivets 
3)4" for rivets. 

Use special gages to adapt work to multiple punch, or to secure desirable details. 


STAGGER OF RIVETS TO MAINTAIN NET SECTION 


AMERICAN BRIDGE COMPANY STANDARD 


1 Hole Out 


2 Holes Out 


H 


J 


ib-j 




y==diameter of rivet + Ji" 

a-y = + b2-2y ai-2y = -^a2+b2-3 y 

b=V2ay+y“ b=>/2iy+F 


Dimensions in Inches 


Rivet Rivet 


1 1 % 1^4 5 

1) 4 IVs 2 5V2 

2 2Mo 2)4 6 

2) 4 2)4 2Vi6 6^ 

3 2Vi6 2% , 7 
3% ?»/i6 21%«7V4 

4 3 8 

4V6 2i%e 3%« 8V4 


a=sum of gages minus thickness of angle. 

54" rivets, can be taken at H" less than for 54" rivets. 

I ' rivets, can be taken at pg" more than for Jg" rivets. 


%" Vs" 
Hivet Rivet 


3Vie 3<5i, 
3V4 3Va 
3% 3% 

314 34i 

3% 3% 

3% 4 

3% 4Vg 

4 4V4 
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TABLE 110. 

Stanbarus for Riveting. 


DlSTfiNC£ (l:T0(t,0F §W66£e£D PiVETS. 


VALUES OF X FOP VPQYIN6 VflLUtd OF R AND 5. 


mLUfb 

VALUES OFU 1 

ofB 

7 

a 

■ 

El 


^<9 

li 

m 

m 

li 

2 





Is 

'i 

/j 



/i 

/i 

2 

2k 

2k 

■?;! 

^5 



1 

/i 

/| 


/| 

/i 

// 

/I 


2s 

2i 


2m 

2k 

2ii 

0/5 

/I 

‘a 


/i 

/| 

ve 

2 

9- 

2m 

2k 

721 

Z 16 

2i 

23 

2k 

i 

/j 

/| 

//f 

/? 


2 

oi 

oL 

2m 

7— 

oL 

h 

2§ 

2ji 



/| 

/i 

A 

2 


9- 


M 

7 — 

oi 

1^ 

2m 

2i 


a 

/i 

/f 




7-^ 


M 

2m 

7^ 


2i 

\A 



fi 



2^ 








nil 

Cm 

2i. 

7^ 


2 







\M 




0/5 

% 

3 




ol. 





I 

S 

Wi 

nil 

H& 

2 ^ 

a 

IP 

a 

13 


7^ 



1^ 



tB 



a 



a 

1 










a 

1 



i 



m 



% 


1 


Wk 

1 




a 

13 


NOTF'-Vafue^ be/ow or to the right of upper zigzag line are large enough For^%'v. 

• • ■• • • » » second ' * " “ “ * * 

. , , » » # » /eyyer - » » * * » , 
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TABLE 111. 
Standards for Riveting. 


Dimensions in Inches 




— IK -- 


V 1%----^’ 

-154 1 



I. — -v 
r-ik«-*i , 


/ 

1 





f i-'t 

General Formulas for Proportions op Rivets, in Inches 
r * --- driven bead, diameter, a=1.5 d + H" 

I • J 

^ depth, b=0.425a 

/ *• •• •• radius, c=b 

.. .. .. radius. e=1.6b 

/ \ Countersunk head, depth, f=0.6d 




^ iKe — 

k'pN? 


j, 1 % ...J 





IK •> 


-K- 


-I?le—'' 




j, a -h 

i i 




*• diameter, g=l. 577 d 
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TABLE 112. 

Standards for Riveting. 



330 



































TABLE 113. 

Standards for Riveting. 

SmNDm PlVETSPflCINd FOP CaULFm 








TABLE 114 

Shearing and Bearing Value of Rivets 

Values above or to right of upper zigzag lines are greater than double shear. 
Values below or to left of lower zigzag lines are less than single shear. 


Bearins Value for Different Thicknesses of Plate at X2 ooo Lbs. Per Square Inch. 


la gtfS 


i" A" *" 


i .196 I 180 I 500 I 880 2 250 2 6-^0 3 000 

I .307 I 840 1 880 2 340 2 810 3 280 I 3 750 4 220 4 690 

i .442 2 650 2 250 2 810 3 380 3940 4 5QQ| 5 obo 5 ^ I90 6750 

J .601 3 610 2 630 3 28 0 7 OiO 4 590 5 250 5 9io| 6 s()0\ 7 220 7 880 8 530 9 190 9 840 

^ 785 4 710 3 000 3 750|4 500 s 260 6 oooj 6 7so| 7 soo| 8 250I 9 oooj 9 750 10 500 u 250 12 000 

i S « I Bearing Value for Different Thicknesses of Plate at 15 000 Lbs. Per Square Inch 


.196 I 470 
.307 2 300 
.442 3 310 
.60! 4 510 
.785 5 890 


i'" A" I" A" h" A" I" W' i" H" I" tt" 1" 

1 880 2 340 2 810 3 280 3750 1 

2 340 *2 930 3 520 4 100 _£620__5_270 5860 

2 8iq [3 ^20 4 220 4920 5630 6 330 7 03Q 7 73 Q 8440 

w8o 4 100 t 020 5740 6560 7380 8 2Qol 9 020 9 840 10 660 1 1 480 1 2 300 

j 750 4 690*5 630 6560 7500 8440 938011031011125012190131301406015000 

Bearing Value for Different Thicknesses of Plate at 20 000 Lbs. Per Square Inch 


Diam., 

in. 

Area, 
Sq. In. 

Single 
at 10 
Poui 

i" 

A" 

i" A" 

i" 

A" 

i 

.196 

I 960 

2 500 

3 130 

3 

750I 

4 3^0 

5 000 


1 

•307 

0 

0 

3 130 

3 910 

4 

690I 

5 470 

6 250 

7030 

i 

.442 

0 

3 75 °! 

.^690 

s 

6301 

6 560 

7 500 

8440 

i 

.601 

6 010 ’ 

4 380 

5 47°! 

|6 

5601 

7 660 

8750 

9 84131 

I 

.785 

7 850 

5 000 

6 250 


50CI 

00 

0 

10 000 

II 2501 


9 380’ 10 310 II 250 




i .196 2 160 
I -307 3 370 
} .442 4 860 

i .601 6 610 
l .785 8 640 

||« 
. '"So 

la g-iS 


Bearing Value for Different Thicknesses of Plate at 22 000 Lbs. Per Square Inch 


i" A" I" 


A" 

i" 

H" 

i" 

w 


w 

1" 











7 730 8 59o| 

9 280 10 3 10' 1 1 340 
10 830 12 030I13 230 
12 380 13 7So|i5 130 

12 380 

14 440 15 640 
16 50oji7 880 

16 840 
I19250 

18 050 
20 630 

22 000 


Bearing Value for Different Thicknesses of Plate at 34 000 Lbs. Per Square Inch 


i" A" I" A" 


I" H" I" W i" 
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Space. s:; 5x:>oov.o>0'-»w.v.s| Spac 


TABLE US 

Multiplication Table for Rivet Spacing 


Pitch of Rivets in Inches 


li 

li 

li 

/i 


/i 

li 

2 


2i 

4 

2i 


4 


1 

w 
















I 

- 2 i 

“ 2h 

- 2 l 

- 3 

- 3I 

- 3 i 

- 3 l 

- 4 

- 4 l 

- 4} 

- 4 i 

- 5 

- sl 

- si 

- si 

2 

- 3 i 

- 3 i 

- 4 i 

- 4 i 

“ 4 i 

- 5 l 

- Si 

- 6 

- 6 i 

- 6 i 

- 7 i 

- 7 l 

- 7 l 

- 81 

- 81 


- 4 i 

- s 

- 5 i 

- 6 

- 61 

- 7 

“ 7 i 

- 8 

- 81 

- 9 

- 9 i 

-10 

-io{ 

-II 

-ii 5 

4 

- si 

- 61 

- 6 J 

- 7 l 

- 8 J 

- 8 i 

- 9 i 

-10 

-loi 

-III 

-nil 

I- 05 

I- li 

I- il 

I- 2 i 

5 

- 6J 

- 7 i 

- 81 

- 9 

- 9l 

-loi 

-III 

I- 0 

I- oi 

I- li 

I- 2l| 

I- 3 

I- 3 i 

I- 42 

I- Sl 

6 

- 7i 

- 81 

- 9i 

-loi 

-iii 

I- oJ 

I- Il 

I- 2 

I- 2 i 

I- 3 l 

I- 4I 

I- sl 

I- 61 

I- 7 i 

I- 8J 

7 

~ 9 

-10 

-II 

I- 0 

I- I 

I- 2 

I- 3 

I- 4 

I- 5 

I- 6 

1 - 7 

I- 8 

I- 9 

I-IO 

i-ii 

8 

-loi 

-III 

I- oi 

I- i^ 

I- 2i 

I- 3 l 

I- 4 i 

I- 6 

I- 7 i 

i- 8i 

I- 95 

1-105 

l-lil 

2- OJ 

2- l| 

9 

-III 

I- oi 

I- li 

I- 3 

I- 4 i 

I- si 

I- 61 

I- 8 

1- 9 i 

i-ioj 

i-ii2 

2 - I 

2- 2\ 

2- 35 

2- 4 i 

10 

i- oi 

I- If 

I- 3 i 

4 i 

I- si 

I- 7 i 

I- 8| 

I-IO 

i-ni 

2- oi 

2- 2i 

2- 3 l 

2- 4 i 

2- 6i 

2- 7 i 

II 

I- li 

I- 3 

I- 4 i 

I- 6 

1 - 75 

I- 9 

l-ioi 

2- 0 

2- li 

2- 3 

2- 45 2- 6 

2- 71 

2 - 9 

2-105 

12 

I- 2 f 

I- 4 l 

I- 5 l 

I- 7 i 

I- 9i 

i-ioi 

2- oi 

2- 2 

2- 3 i 

2- sl 

2- 6I'2- 81 

2-Ioi 

2-1 1 5 

3 - li 

13 

I- 3 l 

I- si 

I- 7 l 

I- 9 

i-ioi 

2- oi 

2- 2I 

2- 4 

2- Si 

2- 

a 

2- 9I 

2-1 1 

3- oi 

3 - 25 

3 - 4 i 

14 

I- 4 i 

i-6i 

I- 8i 

i-ioi 

2- o| 

2- 2J 

2- 4 i 

2- 6 

2- 7 i 

2- 95 

2-1 1 i 

3 - i 5 

3 - 35 

3- sl 

3 - 7 i 

J 5 

I- 6 

I- 8 

I-IO 

2- 0 

2- 2 

2- 4 

2- 6 

2- 8 

2-10 

3- 0 

3- 2 

3 - 4 

3- 6 

3- 8 

3-10 

16 

1 “ 7l 

I- 9 l' 

i-iii 

2- i§ 

2- 3 1 

2- 5 l 

2- 7 i 

2-10 

3 - ol 

3- 2 j 

3- 4’ 

3- 61 

3 - 85 

3-105 

4 “ oi 

17 

I- 8i 

l-ioi 2- oj 

2- 3 

2- si 

2 - 7 i 

2-95 

3- 0 

3 - 2l 

3- 4I 

3- 6J 3- 9 

3 -uJ 

4 - il 

4 - 3J 

18 

I- 9 i 

i-nl 

2- 2i 

2- 4§ 

2- 61 

2- 9} 

2-1 1 1 

3- 2 

3 - 45 

3- 6J 

3- 9 « 

3-II2 

4- 1 1 

4- 4I 

4- 6| 

IQ 

i-ioj 

2 - I 

2 - 3 i 

2- 6 

2- 8i 

2-1 1 

3- il 

3- 4 

3 - 61 

3- 9 

3-1 15 

4- 2 

4- 4I 

4- 7 

4- 9 i 

20 

i-iif 

2- 2i 

2- 4 i 

2- 7 i 

2-IoJ 

3- oJ 

3 - 3 i 

3-6 

3 - 81 

3-11I 

4 - Iff 

4- 4I 

4 - 7 l 

4- 95 

s- oi 

21 

2- 0| 

2- 3 i 

2- 61 

2- 9 

2-IlJ 

3 - 2I 

3 - Sl 

3- 8 

3-ioi 

4- ij 

4- 4 i 

4 - 7 

4 - 9 i 

S- ol 

S- 3 i 

22 

2- li 

2- 4 i 

2- 7i 

2 -IOj 

3 - li 

3 - 4I 

3 - 7 l 

3-10 

4- ol 

4 - 3I 

4- 6| 

4- 91 

S- o| 

S- 3 l 

5 - 6i 

23 

2 - 3 

2- 6 

2 - 9 

3 - 0 

3 - 3 

3- 6 

3 - 9 

4- 0 

4- 3 

4- 6 

4 - 9 

S- 0 

S- 3 

S- 6 

5 - 9 

24 

2- 4i 

2- 7i 

2-l6i 

3 “ li 

3- 4I 

3 - 7 l 

3 -ioi 

4 “ 2 

4 - sl 

4 - 81 

4-1 1 i 

s- 2I 

S- s 5 

S- 8i 

S-iii 

25 

2- si 

2- 8i 

2 - 1 1 J 

3 -’ 3 

3- 6J 

3- 9I 

4- oi 

4 - 4 

4 - 7 l 

4-10I 

s- li 

s- s 

s- 81 

S-nl 

6- 2 J 

26 

2-6J 

2- 9 i 

3- il 

3 - 4 i 

3- 7 i 

3-1 1 1 

4 - 2i 

4- 6 

4- 9 i 

S- oi 

S- 4 i 

S- 7l 

S-iol 

6- 2I 

6- Sl 

27 

2- 7 i 

2-1 1 

3- 2 i 

3- 6 

3 - 9 i 

4 - I 

4 - 4 l 

4- 8 

4-1 1 J 

S- 3 

s- 61 

5-10 

6- li 

6- S 

6 — 85 

28 

2- 8} 

3 - o} 

3 - 3 l 

3 - 7 l 

3 -iii 

4 - 2i 

4 - 6i 

4-10 

s- i| 

s- sl 

S- 81 

6- 05 

6- 4I 

6- 7 i 

6-11I 

29 

2- 9! 

3 - li 

3 - si 

3 - 9 

4 “ 0} 

4 - 4 i 

4 - 81 

S- 0 

s- 3 i 

S- 7 i 

s-iil 

6- 3 

6- 6i 

6-10} 

7 - 2i 

30 

/* 

/I 

If 

/i 


/i 

/} 


2l 



2i 


2i 


. 1 


Pitch of Rivets in Inches 





TABLE 115 . — Continued 

Multiplication Table for Rivet Spacing 



^ _6 - 6i - 6i - 6J - 7 - 7i 

i - 9 l - 9 i “lol “loj -iii 

4 I-O I- oj I- I I- ij 1-2 1-3 

5 1-3 I- 3I I- 4i I- 4i I- si I- 6} 

6 1-6 I- 61 I- 7J I- 8J I- 9 i-ioi 

7 1-9 I- 9i 2- 0^ 2- 2J 

(? 2~o 2-1 2-2 2-3 2-4 j2- 6 
p 2-3 2- 4I 2- si 2- 61 2- 7i 2- 9^ 

10 1-6 2- 7i 2- 8i 2- 9i 2-1 1 3- ij 


p 2-3 2- 
/o 2-6 2- 

// 2-9 2 
3-03 
U 3-3 3 
3-^ 3 
^5 3-9 3 


loj 2-iii 3- li 3- 2^13- si 
3 - 3 3- 4 l 3-6 3-9 
4 i 3 - 6}j3- 7l 3 - 9i 4 “ oJ 
74 3- 9I 3 -ni 4 - I 4 - 4 i 
10 J 4- 0JI4- 2I4- 4i4- 8i 


16 4-0 4-2 4~ 4 |4- 64-8 s- 0 
^74-34- si 4- 7i 4- 9I 4-ni s- 3 l 
18 4-64- 8i 4~io}'5- oi 5- 3 5- 7i 
i/p 4-9 4 -ii| S- 1 ^ 5 - 4 i 5 - 6^ s-ni 
.0 5-0 s- 2i s- 5 5- 7i 5-10 6- 3 

5-3 5- si 5- s-ioi 6- li 6- 6i 

5-6 s- 8J 5 -hJ| 6- 2i 6- s 6-ioi 

23 5-9 5-”i ^ 24i<^ Sl ^ 8i 7- 2i 

24 6-0 6-3 6-6 6-9 7-0 7-6 

^’5 6-3 6^ 6i 6^ 9i 7- oi 7- 3i 7- 9I 

26 6-6 6- 9i 7- oi 7- 3} 7- 7 8- li 

27 6-9 7- oi 7- 3i 7- 7J 7-ioJ 8- si 

28 7-0 7- 3i 7- 7 7-ioi 8-2 8-9 

29 7-3 7- 6| 7-ioij8- li 8- si 9- oi 

p 7-6 7- 9J 8- li 8- si 8" 9 9- 4i 


8 3 3i 3\ 3 I 3i 3\ 


“8 ~ 8i - 9 - 9i -10 -loi -II -iij i-o 2 

i-o i- oi I- li I- 2i I- 3 I- sl 1“ 4i I- si 1-6 3 

1-4 I- s 1“ 6 1-7 1-81-9 i-io i-ii 2-0 4 

1- 8 I- 9i i-ioi i-iii 2- I 2- 2i 2- 3i 2- 4] 2-6 5 

2- 0 2- li 2- 3 2- 4i 2- 6 2- 72 2- 9 2-ioi 3-0 6 

2-4 2- si 2- 7i 2- 9i 2-1 1 3- oi 3- 2i 3- 4i 3--6 7 

2- 8 2-10 3-0 3-2 3-43-6 3-8 3-10 4-0 8 

3- 0 3- 2i 3- 4i 3- 6i 3- 9 3-11J 4- li 4- 3i 4-6 p 

3-4 3- 6i 3-9 3-1 li 4-2 4-45- 4-7 4- 9 i S-o^o 

3- 8 3-ioi 4- li 4- 4i 4- 7 4- 9i s- oi s- 3 i 5-^ 

4- 04-3 4-6 4-9 S- o S- 3 5- 6 5 - 9 6-0 12 

4-4 4- 7i 4-ioi 5- li s- 5 S- 8} 5-ni 6- 2i 6-613 

4- 8 4-iii 5- 3 5- 6i s-io 6- i5 6- 5 6- 8i 7-0/4 

5- 0 5- 3 i 5- 7 i 5 -”i ^3 6 - 6 i 6 -ioi 7- 2! 7-6/5 

5-4 5- 8 6-0 6-4 6-87-0 7-4 7-8 8-0 /d 

5- 8 6- oi 6- 4i 6- 8i 7-1 7- si 7- 9I 8- if 8-6/7 

6- 0 6- 4i 6- 9 7- li 7- 6 7-ioi 8- 3 8- 7i 9-0 28 

6-4 6- 8i 7- li 7- 6i 7-11 8- 3i 8- 8i 9- li 9-6 /p 

6- 87-1 7-6 7-1 1 8-48-9 9-2 9-7 10020 

7- 0 7- si 7-ioi 8- 3J 8- 9 9- 2i 9- 7 i 10- oi 10-62/ 

7-4 7- 9i 8 - 3 8- 8i 9- 2 9- 7i 10- i 10- 6i 11-022 

7- 8 8- li 8- 7i 9- li 9-7 10- oi 10- 6i II- oi 11-625 

8- 0 8-6 9-0 9- 6 10- 0 10- 6 II- 0 II- 6 12-024 

8-4 8-ioi 9- 4i 9-ioi 10- s lo-iii II- 52 ii-iii 12-625 

8- 8 9- 2I 9-9 10- 3 i lo-io II- 4} ii-ii 12- si 13-026 

9- 0 9- 6i 10- li 10- 8i II- 3 II- 9i 12- 45 i2-iii 13-627 

9-4 9-11 10-6 II- i II- 8 12- 3 12-10 13- s 14-0 2<^ 

9-8 10- 3I lo-ioi II- si 12- I 12- 8} 13- si i3“ioi 14-6 2p 

10- ojio- 7} II- 3 ii-ioi 12- 6 13- ij 13- 9 14- 4i 15-050 


4 4 I 4\ 5 5i Ji s\ 6 f, 


Pitch of Rivets in Inches 





TABLE 116. 

Arbas to be Deducted for Rivet Holes, Maximum Rivets, and Rivet Spacing. 

Areas in Square Inches, to be Deducted from Riveted Plates or Shapes to Obtain Net Areas. 


Thicknesa 
of Plates. 


Diameter of Hole in Inches (Diam. of Rivet + i"). 


Inches. 


A 

i 

A 


A 

1 


1 

ii 

1 

H 

I 

I A 

Ik 


li 

i 

.o6 

.08 

.09 

.11 

.13 

.14 

.16 

.17 

.19 

.20 

.22 

.23 

•25 

.27 

.28 

.30 

.31 

A 

.08 

.10 

.12 

.14 

.16 

.18 

.20 

.21 

•23 

.25 

.27 

.29 

•31 

•33 

•35 

•37 

•39 

1 

.09 

.12 

.14 

.16 

•19 

.21 

.23 

.26 

.28 

.30 

•33 

•35 

.38 

.40 

.42 

•45 

.47 

A 

.11 

.14 

.16 

.19 

.22 

•25 

•27 

.30 

•33 

.36 

.38 

.41 

•44 

.46 

•49 

.52 

•55 

J 

.13 

.16 

.19 

.22 

.25 

.28 

•31 

.34 

.38 

•41 

.44 

.47 

•SO 

•S 3 

.56 

•59 

.63 

A 

.14 

.18 

.21 

•25 

.28 

•32 

•35 

•39 

•42 

.46 

•49 

•53 

.56 

.60 

•63 

.67 

.70 

I 

.i6 

.20 

.23 

.27 

•31 

•35 

•39 

•43 

•47 

•SI 

.55 

.59 

•63 

.66 

.70 

•74 

.78 

H 

.17 

.21 

.26 

.30 

•34 

•39 

•43 

•47 

•52 

.56 

.60 

.64 

.69 

.73 

•77 

.82 

.86 

i 

.19 

.23 

.28 

.33 

.38 

.42 

•47 

•52 

.56 

.61 

.66 

•70 

.75 

.80 

.84 

.89 

.94 

H 

.20 

•25 

.30 

•36 

.41 

.46 

• 5 * 

.56 

.61 

.66 

.71 

.76 

.81 

.86 

•91 

.96 

1.02 

i . 

.22 

.27 

•33 

.38 

•44 

•49 

•55 

.60 

.66 

•71 

.77 

.82 

.88 

•93 

.98 

1.04 

1.09 

H 

.23 

.29 

•35 

.41 

•47 

•S 3 

•59 

.64 

.70 

.76 

.82 

.88 

•94 

1. 00 

1.05 

1. 11 

1.17 

I 

.25 

.31 

.38 

•44 

.50 

.56 

.63 

.69 

•75 

.81 

.88 

•94 

1. 00 

1.06 

1. 13 

1. 19 

1.25 

lA 

.27 

.33 

.40 

.46 

•53 

.60 

.66 

•73 

.80 

.86 

.93 

1. 00 

1.06 

1.13 

1.20 

1.26 

1.33 

It 

.28 

■35 

.42 

•49 

.56 

•63 

.70 

•77 

.84 

.91 

.98 

1.05 

1. 13 

1.20 

1.27 

1-34 

1.41 

lA 

.30 

.37 

•45 

•52 

•59 

.67 

•74 

.82 

.89 

.96 

1.04 

III 

1. 19 

1.26 1 

1.34 

1.41 

1.48 

It 

.31 

•39 

•47 

•55 

•63 

.70 

.78 

.86 

.94 

1.02 

1.09 

1. 17 

1.25 

1.33 

I 41 

1.48 

1.56 

lA 

.3^ 

.41 

•49 

•57 

.66 

•741 

.82 

.90 

.98 

1.07 

1. 15 

1.23 

1. 31 

1.39 

I 48 

1.561 

1.64 

It 

>34 

.43 

.52 

.60 

.69 

.77 

.86 

•95 

1.03 

1. 12 

1.20 

1.29 

1.38 

1.46 

1.55 

1-63 1 

1.72 

lA 

.36 

.45 

•54 

.63 

.72 

.81 

.90 

.99 

1.08 

1. 17 

1.26 

1-35 

1.44 

1-53 

1.62 

I.71, 

1.80 

it 

.38 

.47 

.56 

.66 

•75 

.84 

.94 

1.03 

1. 13 

1.22 

1.31 

1.41 

1.50 

1.59 

1.69 

1.78 

1.88 

lA 

.39 

.49 

•59 

.68 

.78 

.88 

.98 

1.07 

1. 17 

1.27 

1-37 

1.46 

1.56 

1.66 

1.76 

1.86 

1.9s 

iL 

.41. 

.51 

.61 

.71 

.81 

,91 

1.02 

1. 12 

1.22 

1.32 

1.42 

1.52 

1.63 

1-73 

1.83 

I 93 

2.03 

iti 

.42 

.53 

.63 

.74 

.84 

•95 

1.05 

1. 16 

1,27 

1-37 

1.47 

1.58 

1.69 

1.79 

1.90 

2.00 

2. II 

it 

.44 

.55 

.66 

•77 

.88 

.98 

1.09 

1.20 

1. 31 

1.42 

1.53 

1.64 

1.75 

1.86 

1.97 

2.08 

2.19 


.45 

.57 

.68 

•79 

.91 

1.02 

1. 13 

1.25 

1.36 

1-47 

1.59 

1.70 

1.81 

1.93 

2.04 

2. IS 

2.27 

It 

.47 

•59 

.70 

.82 

•94 

1.05 

1,17 

1.29 

1.41 

1.52 

1.64 

1.76 

1.88 

1.99 

2 . II 

2.23 

2.34 

iH 

.48 

.61 

•73 

.85 

•97 

1.09 

1. 21 

1-33 

1.45 

1-57 

1.70 

1.82 

1.94 

2.06 

2.18 

2.30 

2.42 

2 

.50 

.63 

•75 

.88 

1. 00 

1. 13 

1.25 

i.38ji.50 

1.63 

I- 7 S 

1.88 

2.00 

2.13 

2.25 

2.38 

2.50 


Maximum Rivet in Leg of Angles or Flange of Beams and Channels. 


Leg of Angle 

Max. Rivet 

i 

i 

1 

1 

ij 

1 

It 

i 

It 

i 

8 

i 

* 

2j 

i 

3 

i 

3 i 

_i 

i| 

I 

1 

6 

i 

7 

I 

00 <-« 

Depth of Beam 

Max. Rivet 

i 

t 


6 

1 


! 

10 

i 

12 

i 

18 

i 

20 

_ij 

2 ± 



Depth of Channel 

Max. Rivet 

1 

t 

I 

6 

i 


8 

t 

9 

i 

10 

i 

12 

1 

1 







Rivet Spacing in Inches. 


Size of 
Rivet. 

Minimum Pitch. 

Max. Pitch in Line of Stress. 

Min. Edge Dist 

Max. Edge 
Dist. 

Allowed. 

Preferred. 

At Ends of 
Comp. Mem. 

Bridges. 

Bld’gs. 

Sheared. 

Rolled. 


n 

n 

n 

[ft 

1 

2 

2 


1} 

2i 

3 

2 

2i 

3i 

4i 

1 

16 X thick- 
ness oi 

l-s . 

Ill 

6 

(( 

u 

I 

ij 

1 

1 

1 


S X thick- 
ness of 
plate. 




TABLE 117a. 

Standard Connections for Beams and Channels. 
American Bridge Company. 
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1 Beams 

Value of 
Web 

Connection 

Depth, 

Inches 

Weight 

Pounds 

Shra Rivets 
in &iclosed 
Bearing. 
Pounds 


TABLE 1176. 

Standard Connections for Beams and Channels. 
American Bridge Company. 


Values of Outstanding Legs of Connection Angles 


67500 

64260 

48150 

45000 

41400 

34200 

36900 

29880 

23600 

19170 

27900 

22680 

26100 

24300 

19800 

11300 

10400 

'9500 

8600 

7700 



Field Rivets 


Minimum 
Allowable 
Span in Feet, 
Uniform Load 


Field Bolts 


53000 

53000 

44200 

35300 

35300 

35300 

35300 

35300 

26500 

26500 

17700 

17700 


17700 

17700 



Rough Bolts, 
Single Shear, 
Pounds 

Minimum 
Allowable 
Span in Feet, 
Uniform Load 

t. 

In. 





49500 

42400 

42400 

35300 

28300 

28300 

28300 

28300 

28300 


14100 

14100 

14100 

14100 



Allowable Unit Stress in Pounds per Square Inch 

I Rivet. Shop 12000 1 IWve^nclo.^ Shop 30^0 

Single Rivet, and Turned Bolts... Field 10000 Bearing d-'** ■f'lj onnnn 

Rough Bolt. Field 8000 R.vets^d Turned Bolts. Re d 20000 

® I Rough Bolts Field 16000 


t==Web thickness, in bearing, to develop max. allowable reactions, when beams frame opposite. 
Connections are figured for bearing and shear (no moment considered). 

The above values agree with testa made on beams under ordinary conditions of use. 

Where web is enclosed between connection angles (enclosed bearing), values are greater because 
of the increased efficiency due to friction and grip. 


Specialconnectionsshallbeused when any of the limiting conditions ipven above are exceeded- 
such as end reaction from loaded beam being greater than value of connection; shorter span wit 
beam fully loaded; or a leas thickness of web when maximum allowable reactions are used. 
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TABLE 

Stresses in Eccentric Riveted Connections. 
American Bridge Company. 


VBIRTIOAL SPAOmO OP RIVETS 8 INOHBS. 


ONE UNB 


TWO LINES 


THREE LINES 


FOUR LINES 



FoUowlnff Table grives Values of “Q”fbr V^ouk RlvLt Gxjoups 


37 2ft 
GO 38 
64 ft3 
77 72 

03 03 

110 117 
120 144 
140 174 
172 207 
106 243 


16 20 
36 41 

6ft 64 
77 80 

102 116 
130 146 
160 178 
104 213 
232 262 
273 204 
318 339 


Stresses in Rivets in Eccentric Connections. 


\V « load in pounds. 

L “ distance from center of group to load. 

R *» distance from center of group to extreme rivet. 
N “ number of rivets in group. 

/ » « torsional moment on rivets. 

Q -• HR “ modulus of rivet group. 

T M IQ =“ stress due to moment on extreme 
rivet. 

V •" WIN ■» direct shear on extreme rivet. 

5 « resultant stress on extreme rivet. 

M ^ W . L “ moment in in. -lb. 
vi, yi -= coordinates of extreme rivet. 

C « ir/5 coefficient of rivet group. 

From middle figure on this page 

5 » i/V'» + 2 V • 7 .cos d n 

-= + 2 V - T-xxIR + (I) 

If r — allowable stress on a rivet, the Siife vertical 
stress will be 

f^r.VIS (2) 

The equivalent number of rivets in direct shear will 
be 

C - WIS (3) 


Values of C for several rivet groups are given in 
Table ii8b. 

Example i. — Stresses in standard connection 
for 24 in. I-beam, Table 117. Rivets in one row. 
N “ 6. Rivet spacing 3 in. L «= 2I2 in. Now 
V ■■ IF/6. From Table 1 i8a, Q — 21. T = 2.5WI21. 
From equation (i), since xi = o 

5 - v'(^^^'/6)* + (2.5ir/2i)» - o.2Tr 
C - IF/S - 5 rivets. 

Example 2. — Calculate stresses in Fig. i. 
Table ii8b. L » 12 in., D — 7? 2 in., V — 12. 
R - '/i-TS* + 7.5* “ 8.4". 4 - ly* 

- 12 X 3.75* + 4(7-5* + 4.5* 4- l.S*) “ 484- Q 

— 484/8.4 * 58. (Interpolating in Table Ii8a 
between 6 and 9. 0 = (52 4* 63)/2 » 57-5). 

- .25 IF 

C — IF/5 — 4 rivets. 
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TABLE 1186. 

Equivalent Rivets in Eccentric Connections. 
American Bridge Company. 


©•atw of riTet to Ltmd W. W-8ofo Load (U thootaad poaads). VortJeal ipacing of riToU 3». 

D-Dlsi, betwooa eoUido ri»ol Uaoo. » -Stroto Uono (e^mo) riroi. oraUowod 8-5?, 0-^/ 0-W for rirot of 



0» 18" 


2.5 3 . a 

3 9 5.2 I 


5.2 6.6 

7.0 8.4 


O - 12" 



.23 .66 .18 .57 .16 .50 1.14 1.43 

.61 1.4 .50 1.3 .43 1.0 

1.1 3.1 .80 1.8 .75 1.6 

1.7 2.7 1.4 2.3 1.3 2.1 

2.5 3.6 2.0 3.2 1.7 2.7 

3.4 4.5 2.7 3.9 2.3 3.4 

4.3 5.5 3.4 4 5 3.0 4.1 

5.5 6.6 4 5 5.7 3.9 4.8 

6.8 7.7 5.5 6.6 4.8 5.7 

8.3 8.0 6.6 7.5 5.7 6.6 

9.6 10. 8.0 89 6.8 7.7 

11 12. 9.3 10. 8.0 8.6 




rets I A. B. Co. Specificationi* 
L - 12" 

D • 7f 
If » 12 
C - 4.0 
8 - 5,300^ 

W* 21.200^-(C>c8) 

3 , 600 ^ob om rim. 

i'pUto Is O.K. 


rets I A. B. Co. Specifications. 

I I I “r. 

t c - 4.4 

8 - 6.300**^ 

W - 23.300^- (C X 8) 

Bivets *B* 

C - 2.7 

w - 23 ;joo2^ 

8 - 8,600^ 

A A Fio. 2. »• 
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TABLE 119. 


Standard Beveled Beam Connections. 
American Bridge Company. 
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TABLE 120. 

Standard Sway Rod and Lateral Connections. 
American Bridge Company. 


-/ '> / 


5my Rod Connections- 

I /■' »>r 

r 7 O 


i» » ■ ■ ■'Sv 


• 9 '' 5 ^^ 


/ For upset rods& rods over /{["round use clevises- \- ^ 

/ -y^ 3pec/fy hexagond! nuts on a/I s^ay rods* 

can h3}eie f?exdgonaI or square heads or nuts-, 

Ho/e for rod punched ^ "larger than rod • ' s 

Pod j round (not upset) ^ Bolts f or§ “"round- Pod / Vound(not upset), Bolts ^ or j round- 
Rod "round (not upset) ^ Bolts ^"or§ "round Pod /-g" round (not upset). Bolts ~ ‘"round- 


































TABLE 121. 

Standard Lateral Connections for Highway Bridges. 
American Bridge Company. 


I' 





o 

1 

|:0 

-f- 


y^rw3V ' iV 'HW 

r<H<-*>k-n« *i< -»** 



SKStYBACK A, Weight 6-8 lbs- 

Skewbdck A For rods up to /j round 
or li square (upset to /§ round) ; 

For upsets // diam* or /ess, angle 
oF rod may vary From in /Z) 




toeo"* Ciz%h6j§)^ 


C'LoF web 


For upsets greater than /g diam* up 
to /§ d/am-y angle oF rod may vary From 
^/i Y/Oi ’‘in IZ ) to 60 YlZ %'n Sf) • 
5tanddrd s/ot in beam 5 2 ^ 6 ''• 


SkewbaCK B, Weight / 7 ibs- 


1 


I 

I- 






-f 


o 


o 

- 4 - 

4 - 


4 ^ 




' ff ' / if " ; /if '>>'rf 

J 2>2 2 \ 47 \ 43 ^^2 / f , 

H <31- He- - 



C-L-oFweb-' 


••99 f rt 

5kewbac/< B For rods round 

or I ^ ’^square (upset to ! round); 

{ /j ” round (upset to round) or 
ls‘*5quare (upset to Z" round) 
For upsets !§ '’diam- or /ess , 
ang/e oF rod may vary From 33 j 
(3"mlZ“) to eoYir'in 6%')- 
For upsets greater than ij diam • 
up to 2 ’diam •, angle oF rod may vary From 
38f(3^/in/Z)to 60Yl2"jn6f> 
Standard s/ot in beam 4^ 6^ • 


<i »9 


Skew BACK C, Weight 25 /bs^ 



Skew back C**For rods round or 

/^ square ( upset to 2 ’’round); 
j. ]/ 4 round (upset to Z^ round) or 
^ j/j ’square (upset to Z^’round) 
Angle oF rod may vary From 
40y(/0yin 12'') to 64i ‘(l2"inSy) 
For a// rods - 

Standard slot in beam 
Where upset end oF rod is greater 
than Zj diam •, hole in washer will 
be drilled to Fit upset • 


63 
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TABLE 122. 

Standard Lateral Connections and Stub Ends. 
American Bridge Company. 


tl P late A, Weight 5-9 lbs- U Plate B, WeigbtB-SIbs- 

Fbr rods up to ^"sguare or li^round(up5et boi^V _ , {/"square or i^roondCupset to/0 

Plato 5"*^''>^//''/ong- ^yupto/fSfuaneorljrpwdCipsettoZ') 



Washep 
Weight 0-5/bs- 
Plate 

Max- ho/e iV 




i round, 70 /ong 
ZHox-Nutsr 0 Tap- 


Washer 

Weight iib- 
P/ateS^^Bl 
^Maxho/e 20- 


'j/i 0 W 
* ' 
K— 


Stub End N"/- 
Weighb 4-3/b5- 
P/ate 20x0,70 /ong- 
Hoies 0diam- 
, .i" 







p/ate 

iij-'fje ^8 ‘ 76 ^ 4 ' s"- e tilt 




4:-" 


i 

4--' 

%5r//i^ 


Stub End N° 2- 
Weight 5-5 /bs- 


Stub End N-S- 
WeightS-B/bs- 


Cooper Hitch 


P/ate 2"x0, 70/ong- P/ate2"x0,70 /ong- 


// !> 
k— >k--w 


^Hoies0diam- 
/" 1" 


Stub End H^- 4- 
Weight 5-2 tbs- 
P/ate 4'‘»0,H‘'/mg. 

/" r r 0 


*->H- >«- 




I J 


^ round, 70/ong § round,70/oM f round, 

2 Hex- Nuts- ^Tap- 2 Hex- Nuts-} 7^ 2 Hex-Nuts-} Tap 
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TABLE 123. 

Standard Lag Screws, Hook Bolts and Washers. 
Aebrican Bridge Company. 


La6 Screws 
Length 


Length of Lag 
Screw & Head 


Seam Clamp 

i Cored fiofe — ^ — 

ir ^ Dimensions oEC/amp Weight 


i(-# — — — — T-^ ^ 

>1 B C D E inlbs^ 



iV 

6" 

Ji 

6 

a 

8 

li 

10 

2 

/2 

2 

12 


12 

3 

12 


12 

5 

i2 

6 

12 

8 

12 


4i 2i 

5 2j: 
5i 3 

6 3^ 

7 3| 
S 4i 


Heads are the same as for square head boJtS' 
Threaded portion is not tapered except at 


D Skewback Washeps 


Ogee Washers 



— W ' 

Recess Tor nail lock * 


Dimensions oT Washer 


Weight 
in Pounds 





Dimensions of Washers 


With \M \ N 


?r 




^ lot 


Weight 
in Pounds 






Hook Boas, jorg-SRuare^ 

In billing Hook Bolts give dimensions A, 
5di Li all other dimensions are standard 
Unless otherwise spedTied, 5^^ will 
be made Hex^ nuts Tarnished* 
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TABLE 124. 

Weights of Washers and Track Bolts. 
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TABLE 125. 

Weights of Steel Wire Nails and Spikes. 
American Steel and Wire Co. 


Standard Steel Wire Nails and Spikes. 

Sizes, Lengths and Approximate Number per Pound. 


4 1 

I S" i 

I'd 'C 

I, IS i 

In. u ii. 


Barbed Hjogj 

Car. 


2 x: (i 4 

X J 


« -8 c 
,8 ^ i! 

Ud u 


2d Ex. Fine 
2 d 

3d Ex. Fine 
3 d 


I 876 
i| 

It 568 


Diam. 


2 181 157 

2l 161 139 
2h 106 99 

2} 96 90 

3 69 69 

3J 63 54 

3i 49 43 

4 31 31 


584 473 

500 406 

309 236 

2)8 210 
189 14s 
172 132 

I2I 94 I 

1 13 88 

90 71 

62 52 


187 274 l6s 274 

142 235 I18 142 
103 204 103 124 

139 76 92 

125 69 82 

114 54 62 

83 50 57 

- 42 50 

35 43 

26 31 

24 28 

18 21 

IS 17 

- 13 IS 


1615 

1 714 1346 
I 469 906 


411 775 

36s 700 

251 568 

230 400 

176 357 

ISI - 


10 s 4 
8 6 


2d Ex. Fine 
2d 

3d Ex. Fine 
3 d 

4 d 

5d 

6 d 

7 d 

8d 

9 d 

lod 
1 2d 
i6d 
20d 
30d 
40d 
sod 
6od 

A Diam. 


Miscellaneous Steel Wire Nails. 

Approximate Number per Pound. 


Length in Inches. 




164, 123 
200 I 49 
229 172 
276 207 

333 248 

418 314 
548 41 I 

714 536 

947 710 

1 168 876 

1523 1143 
2077 1558 
2758 2069 
3556 2667 

5000 3750 
5926 4444 
7618 


14 12 10 ' 9 8 7 6 5 4* 4 

z6 14 12 10 9 8 7 6 5 4i 

19 x6 14 12 10 9 8 76 5 

23 19 16 14 13 II 10 87 6 

26 22 19 16 14 13 II 98 7 

30 25 22 19 17 IS 13 II 10 8 


36 30 26 23 20 


IS ! 13 II 10 


42 35 30 26 24 21 18 15 

50 41 35 31 28 25 21 18 

60 50 43 37 33 30 25 

69 57 49 43 39 35 29 

82 69 59 52 46 41 

99 83 71 62 55 SO 

125 105 90 79 70 

164 137 117 103 

214 178 153 

284 236 ' 

350 W.&M. 

' Gauge. 


31 3 

3 3 i 

4 t 4 . 


These approximate numbers arc an average only, and the figures given may be varied either way, by changes 
in the dimensions of heads or points. Brads and no>head nails will have more to the pound than table shows, 
And large or thick-headed nails will have less. 
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TABLE 126 . 

Weights of Nails and Spikes. 
From Cambria Steel. 


Cut Steel Nails asd Spikes. 

Sizes, Lengths and Approximate Number per Pound. 


I 11 i; 

U to O s 


Light 

Barrel. 

Slating. 

Sizes. 

Length. 

Inches. 

Flat Grip. 
Fine. 

Edge Grip. 
Fine. 




1 

1462 





i 

1300 




2d 

1 

1 100 

960 



! 340 

3 d 

li 

800 

750 

400 

1 

4 d 

li 

650 

600 


210 - Brads. Shingle. 

bacco. I 


Square Boat Spikes. 

Approximate Number in a Keg of 200 Pounds. 
Length of Spike — Inches. 


9 

10 





525 

475 


1660 : 1360 , 1230 1 175 1 990 880 i" 450 375 335 300 275 260 |240 

1320 [1140 I 940 800 I 650 600 525 475 f" 260 240 1 220 205|i9o|i75 160 


6 

7 

600 

450 1 

590 

375 




1 


Railroad Spikes. 


Size Under 
Head. 


Average 

Number 

r ir Keg 
200 Lb. 


Spikes per Mile of 
Single Track. 
Ties 2 Ft. c. to c., 
4 Spikes per Tie. 


Rail Used 
Weight 
per Yard. 


Size Under 
Head. 


Average 

Number 

r ?r Keg 
200 Lb. 


Spikes per Mile of 
Single Track. 
Ties 2 Ft. c to c., 
4 Spikes per Tie. 


Pounds. I Kegs. 


Rail Used. 
Weight 
per Yard. 
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TABLE 127. 

Pipe — Black and Galvanized. 

NATIONAL TUBE COMPANY STANDARD. 

Standard Pipe. 


Size. 

In. 

Diameters, Inches. 

Thick- 

Weight per Foot, 
Pounds. 

1 

Threads 
per Inch. 

Couplings. 

External. 

Internal. 

ness. 

Inches. 

Plain 

Ends. 

Threads 

and 

Couplings. 

Diameter, 

Inches. 

Length, 

Inches. 

Weight, 

Pounds. 

i 

.405 

.269 

.068 

.244 

.245 

27 

.562 

i 

.029 

i 

.540 

.364 

.088 

.424 

.425 

18 

.685 

1 

-043 

1 

.675 

•493 

.091 

.567 

.568 

18 

.848 

li 

.070 

i 

.840 

.622 

.109 

.850 

.852 

14 

1.024 

li 

.116 

a 

4 

1.050 

.824 

.113 

1. 130 

I-I 34 

14 

1.281 

l| 

.209 

I 

1-315 

1.049 

•133 

1.678 

1.684 

IlJ 

1.576 

li 

•343 

li 

1.660 

' 1.380 

.140 

2.272 

2.281 

IlJ 

1.950 

2i 

•535 

li 

1.900 

1.610 

•145 

2.717 

2.731 

Ili 

2.218 

2 ? 

•743 

2 

2-375 

2.067 

•154 

3.652 

3.678 

Hi 

2.760 

2i 

1.208 

2i 

2.87s 

2.469 

.203 

5-793 

5.819 

8 

3.276 

2i 

1.720 

3 

3.500 

3.068 

.216 

7-575 

7.616 

8 

3.948 

3 i 

2.498 

3 i 

4.000 

3 548 

.226 

9.109 

9.202 

8 

4-591 

3 i 

4.241 

4 

4.500 

4.026 

•237 

10.790 

10.889 

8 

5.091 

3 l 

4741 . 

4 i 

5.000 

4-306 

.247 

12.538 

12.642 

8 

5-591 

3I 

5.241 

5 

3-563 

5.047 

.258 

14.617 

14.810 

8 

6.296 

4 i 

8.091 

6 

6.625 

6.065 

.280 

18.974 

19.185 

8 

7-358 

4 i 

9-554 

7 

7.625 

7.023 

.301 

23-544 

23.769 

8 

8.358 

4 i 

10.932 

8 

8.625 

8.071 

i 

24.696 

25.000 

8 

9-358 

4 t 

13.905 

8 

8.625 

7.981 

.322 

28.554 

28.809 

8 

9.358 

4 i 

13-905 

9 

9.625 

8.941 

•342 

33-907 

34.188 

8 

10.358 

5 l 

17.236 

lO 

10.750 

10.192 

.279 

31.201 

32.000 

8 

11.721 

6i 

29.877 

lO 

10.750 

10.136 

.307 

34.240 

35.000 

8 

II. 721 

6i 

29.877 

10 

10.750 

10.020 

.365 

40.483 

41.132 

8 

II. 721 

6i 

29.877 

II 

11.750 

1 1. 000 

•375 

45-557 

46.247 

8 

12.721 

6i 

32.550 

12 

12.750 

12.090 

.330 

43-773 

45.000 

8 

13.958 

6i 

43.098 

12 

12.750 

12.000 

•375 

49-562 

50.706 

8 

13-958 

6i 

43.098 

13 

14.000 

13.250 

•375 

54.568 

55-824 

8 

15.208 

6i 

47.152 

H 

15.000 

14.250 

•375 

58.573 

60.375 

8 

16.446 

6i 

59-493 

IS 

16.000 

15.250 

•375 

62.579 

64.500 

8 

17.446 

6i 

63.294 

The permissible variation in weight is 5 per cent above and 5 per cent below. 

Furnished with threads and couplings and In random lengths unless otherwise ordered. 

Taper of threads is i" diameter per foot length for all sizes. 

The weight per foot of pipe with threads and couplings is based on a length of 20 feet including 
the coupling, but shipping lengths of small sizes will usually average less than 20 feet. 

All weights and dimensions are nominal. On sizes made in more than one weight, weight 
desired must be specified. 
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TABLE 127. — Continued, 

Pipe — Black and Galvanized — Concluded. 

NATIONAL TUBE COMPANY STANDARD. 

Extra Strong Pipe. Double Extra Strong Pipe. 



Diameters. 


Weight 


Diameters. 


Weight 

Size. 

In. 

Inches. 

Thick- 

ness, 

per Foot. 
Pounds. 

Size. 

In. 

Inches. 

Thick- 

ness, 

per Foot, 
Pounds. 

External. 

Internal. 

Inches. 

Plain 

External. 

Internal. 

Inches. 

Plain 






Ends. 




Ends. 

i 

.405 

.215 

-095 

.314 

i 

.840 

.252 

.294 

1.714 

I 

4 

•540 

.302 

.119 

-535 

i 

1.050 

•434 

.308 

2.440 

i 

.675 

•423 

.126 

.738 

1 

I.315 

•599 

-358 

3-659 

i 

.840 

.546 

-147 

1.087 

ii 

1.660 

.896 

.382 

5.214 

i 

1.050 

.742 

-154 

1-473 

li 

1.900 

1. 100 

.400 

6.408 

1 

1.315 

•957 

.179 

2.171 

2 

2.375 

1-503 

.436 

9.029 

li 

1.660 

1.278 

.191 

2.996 

2j 

2.875 

1.771 

•552 

*3-695 

li 

1.900 

1.500 

.200 

3.631 

3 

3-500 

2.300 

.600 

18.583 

2 

2-375 

1-939 

.218 

5.022 

3 l 

4.000 

2.728 

.636 

22.850 

2 i 

2.875 

2.323 

.276 

7.661 

4 

4.500 

3-152 

‘674 

27.541 

3 , 

3.500 

2.900 

.300 

10.252 

4 i 

5.000 

3.580 

.710 

32-530 

3 i 

4.000 

3364 

.318 

12.505 

5 

3-563 

4.063 

•750 

38-552 

4 

4.500 

3.826 

-337 i 

14.983 

6 

6.625 

4.897 

.864 

53.160 

4 J 

5.000 

4.290 

-355 

17.611 

7 

7.62s 

i 5-875 

.875 

63.079 

1 

5-563 

4.813 

-375 

20.778 

8 

8.625 

1 6.875 

.875 

72.424 

^ 6 

6.625 

5.761 

•432 

28.573 

Furnished with plain ends and in random lengths 

7 

7.625 

6.625 

.500 

38.048 

unless otherwise ordered. 



8 

8.625 1 

7.625 

.500 

43.388 

Permissible variation in weight, for extra strong 

9 ! 

9.625 

8.625 

.500 

48.728 

pipe, 5 p< 
For do 

jr cent above and 5 per cent below. 

10 

10.750 

9-750 

.500 

54-735 

uble extra strong pipe, 10 per cent above 

11 

12 

0 0 

10.750 

11.750 

.500 

.500 

60.075 

65.415 

and 10 per cent below. 

All weights and dimensions are nominal. 

13 

14.000 

13.000 

.500 

72.091 






H 

15.000 

14.000 

.500 

77-43 « 






15 

16.000 

15.000 

.500 

82.771 











Large 0 . 

D, Pipe. 





a 

Weight per Foot, Pounds. 

1 





Thickness, Inches. 





i 

A 

» 

A 

i 

A 

1 

! 

i 

I 

14 

15 

16 

17 

18 

20 

21 

22 

it 

36.713 

39-383 

42.053 

44-723 

47.393 

45.682 

49.020 

52.357 

55-695 

59.032 

65.708 

69.045 

72.383 

54.568 

58.573 

62.579 

66.584 

70.589 

78.599 

82.604 

86.609 

94.619 

102.629 

63.371 

68.044 

72.716 

77-389 

82.061 

91.407 

96.079 

100.752 

1 10.097 

1 19.442 

72.091 

77-431 

82.771 

88.111 
93-451 
104.13 1 
109.471 
114.811 

1 25.491 
136.172 

80.726 

86.734 

92.742 

98.749 

104.757 

116.772 

122.780 

128.787 

140.802 

152.818 

89.279 

95-954 

102.629 

109.304 

115.979 

129.330 

136.005 

142.680 

156.030 

169.380 

106.134 

114-144 

122.154 

130.164 

138.174 

154.194 

162.204 

170.215 

186.23s 

202.255 

122.654 

132.000 

141-345 

150.690 

160.035 

178.725 

138.842 

149.522 

160.202 

170.882 

181.562 

202.923 








- 









28 

30 


128.787 
138.132 1 

146.852 

157-532 

164.833 

176.848 

182.730 

196.081 

218.275 

234.296 






Furnished with plain ends and in random lengths, unless otherwise ordered. 

All weighu and dimensions are nominal. 
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TABLE 128. 

Standard Gages. Comparative Table. 
Carnegie Steel Co. 


Gage 

Number. 

Thickness in Decimals of an Inch. 

Birmingham Wire 
(B. W. G.) 
also known as 

Stubs Iron Wire. 

United States Standard 
for 

Sheet and Plate 

Iron and Steel. 

American Wire 
or 

Browne & Sharpe. 

American Steel & Wire 
Co. 

formerly 

Washburn & Moen. 

Trenton Iron 
Company. 

British Imperial 
Standard Wire 
(S. W. G.). 

Standard Birmingham 
Sheet and Hoop 
(B. G.). 

ooooooo 


.500 


.4900 


.500 


oooooo 


.46875 

.580000 

.4615 


.464 


ooooo 

.500 

•4375 

.516500 

.430; 

.450 

.432 


oooo 

•454 

.40625 

.460000 

.3938 

.400 

.400 


ooo 

•42s 

•375 

.409642 

.3625 

.360 

•372 

.5000 

oo 

.380 

•34375 

.3647^ 

.3310 

.330 

.348 

•4452 

o 

.340 

•3125 

.324861 

.3065 

.305 

.324 

.3964 

1 

.300 

.28125 

.289297 

.2830 

.285 

.300 

•3532 

2 

.284 

.265625 

.257627 

.2625 

.265 

.276 

•3147 

3 

•259 

•25 

.229423 

•2437 

.245 

.252 

.2804 

4 

.238 

•234375 

.204307 

•2253 

.225 

.232 

•2500 

s 

.220 

.21875 

.181940 

.2070 

.205 

.212 

.2225 

6 

.203 

.203125 

.162023 

.1920 

.190 

.192 

.1981 

7 

.180 

.1875 

.1442S5 

.1770 

•175 

.176 

.1764 

8 

,16s 

.171875 

.128490 

.1620 

.160 

.160 

.1570 

9 

.148 

.15625 

.114423 

.1483 

.145 

.144 

.1398 

10 

•134 

.140625 

.101897 

.1350 

.130 

.128 

.1250 

11 

.120 

.125 

.090742 

.1205 

.1175 

.116 

.1113 

12 

.109 

•I 0937 S 

.080808 

.1055 

.105 

.104 

.0991 

13 

•095 

.09375 

.071962 

.0915 

.0925 

.092 

.0882 

14 1 

.083 

.078125 

.064084 

.0800 

.0806 

.080 

.0785 


.072 

.0703125 

.057068 

.0720 

.070 

.072 

.0699 

i6 

.065 

.0625 

,050821 

.0625 

.061 

.064 

.0625 

17 

.058 

.05625 

•045257 

.0540 

.0525 

.056 

.0556 

i8 

.049 

•OS 

.040303 

•0475 

.045 

.048 

.0495 

^9 

.042 

.04375 

.035890 

.0410 

.040 

.040 

.0440 

20 

•035 

•0375 

.031961 

.0348 

•035 

.036 

.0392 

21 

.032 

•034375 

.028462 

.03175 

.031 

.032 

.0349 

22 

.028 

.03125 

.025346 

.0286 

.028 

.028 

03 125 

23 

.025 

.028125 

.022572 

.0258 

.025 

.024 

.02782 

24 

.022 

.025 

.020101 

.0230 

.0225 

.022 

,02476 

25 

.020 

.021875 

.017900 

.0204 

.020 

.020 

.02204 

26 

.018 

.01875 

.015941 

.oiSi 

.018 

.018 

.01961 

27 

.016 

.0171875 

.014195 

.0173 

.017 

.0164 

.01745 

28 

.014 

.015625 

.012641 

.0162 

.016 

.0148 

.015625 

29 

.013 

.0140625 

.011257 

.0150 

.015 

.0136 

.0139 

30 

.012 

.0125 

.010025 

.0140 

.014 

.0124 

.0123 

3 * 

.010 

.0109375 

.008928 

.0132 

.013 

.01 16 

.0110 

32 

.009 

.01015625 

.007950 

.0128 

.012 

.0108 

.0098 

33 

.008 

.009375 

.007080 

.0118 

.Oil 

.0100 

.0087 

34 

.007 

.00859375 

.006305 

.0104 

.010 

.0092 

.0077 

35 

.005 

.0078125 

,005615 

.0095 

•0095 

.0084 

.0069 

36 

.004 

.00703125 

.005000 

.0090 

.009 

.0076 

.0061 

37 


.00^40625 

.004453 

.0085 

.0085 

.0068 

.0054 

38 


.00625 

.003965 

.0080 

.008 

.0060 

.0048 

to 



.003531 

.0075 

•0075 

.0052 


AO 



.003144 

.0070 

.007 

.0048 







Unlesi otherwise specified, all orders in gages will be executed to Birmingham Wire Gage. 
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TABLE 129. 

Standard Gages and Weights of Sheet Steel. 
Carnegie Steel Co. 


united states standard gage 

For 

Sheet and Plate Steel. 


Gage 

Number. 

Thickness 

in 

Fractions 
of an Inch. 

Thickness 

in 

Decimals 
of an Inch. 

Weight per 
Square 
Foot, in 
Pounds, 
Steel. 

Gage 

Number. 

Thickness 

in 

Fractions 
of an Inch. 

Thickness 

in 

Decimals 
of an Inch. 

Weight per 
Square 
Foot, in 
Pounds, 
Steel. 

ooooooo 

i 

•S 

204 

17 

tIb 

.05625 

2.295 

oooooo 

H 

.4687 s 

19.12s 

18 

A 

.05 

2.04 

ooooo 

A 

•4375 

17.8s 

19 

iht 

.04375 

1.78s 





20 

A 

.0375 

1.53 

oooo 

« 

4062s 

i6.S7S 





ooo 

1 

.375 

153 

21 

AV 

.034375 

1.402s 

oo 

H 

. 3437 S 

14.02s 

22 

A 

.03125 

I. 27 S 

o 

A 

.3125 

I 2 . 7 S 

23 

tfa 

.028125 

1.147s 





24 

A 

.025 

1.02 

I 

A 

.28125 

11.475 





2 

il 

.265625 

10.837s 

25 

sJb 

.021875 

.892s 

3 


.25 

10.2 

26 

lio 

.01C7S 

.76s 

4 

! 

.234375 

9.5625 

27 

AS 

.0171875 

.70125 





28 

A 

.015625 

.6375 

S 

A 

.21875 

8.925 





6 


.203125 

8.287s 

29 

sf/i 

.0130625 

! .57375 

7 

A 

.1875 

7 . 6 s 

30 

A 

.0125 

i .51 

8 

a 

.17187s 

7.0125 

31 

fIb 

.0109375 

44625 





32 


.01015625 

41437s 

9 

■ A 

.15625 

! 6.375 





lO 

A 

.140625 

5 7375 

33 

z9rt 

.009375 

.3825 

II 

\ 

.125 

SI 

34 


.00859375 

.350625 

12 

n 

.109375 

4.4625 

35 

b|b 

.0078125 

.31875 





36 

tAb 

.00703125 

.286875 

13 

A 

.09375 

3.825 





14 

A 

.078125 

3.187s 

37 

fIJb 

.006640625 

.270937s 

IS 


.0703125 

2.8687s 

38 

Ab 

.00625 

.255 

i6 

A 

,0625 

2.55 






BIRMINGHAM WIRE GAGE. 

Equivalents in Inches. 

Corresponding Weights of Flat Rolled Steel. 


Gage j 

Number. 

Thickness, 

Inches. 

Pounds 

per 

Square Foot. 

Gage 

Number. 

Thickness, 

Inches. 

Pounds 

per 

Square Foot. 

0000 

454 

18.5232 

17 

.058 

2.3664 

000 

.42s 

17.34 

18 

.049 

1.9993 




19 

.04a 

1.7136 

00 

.380 

15.504 

20 

.035 

1.428 

0 

.340 

13.872 







21 

.032 

1 .3056 

I 

.300 

12.24 

22 

.028 

1.1424 

2 

.284 

11.5872 

23 

.025 

1.02 

3 

.259 

10.5672 

24 

.022 

0.8976 

4 

.238 

9.7104 

25 

.020 

0.816 




26 

.018 

0.7344 

5 

.220 

8.976 

27 

.016 

0.6528 

6 

.203 

8.2824 

28 

.014 

0 .S 7 I 2 

7 

.180 

7.344 




8 

.i6s 

6.732 

29 

.013 

0.5304 




30 

.012 

o. 4 .' 5 o 6 

9 

.148 

6.0384 

31 

.010 

0.408 

10 

.134 

5.4672 

33 

.009 

0.3672 

11 

.120 

4.896 




xa 

.100 

44472 

33 

.008 

0.3364 




34 

.007 

0.2856 

13 

.095 

3.876 

35 

.005 

0.2040 

14 

.083 

3.3864 

36 

.004 

0.163a 

IS 

.072 

2.9376 




x6 

X >65 

2.651 







TABLE 130. 

Clearance Dimensions and Wheel Loads, Electric Cranes. 
Sbaw, Crane Works, Muskegon, Mich. 
(McClintic-Marshall Construction Company Standards). 



Greater Capacitica and Spam Require 8 WheeU 

m 
















TABLE 131. 

Crane Girder Specifications. 
McClintic-Marshall Construction Co. 




lX XsoW'^ ' 
yrnf • \7crto8 ^ ' 


Weight of S SDii?« Weight of Weight of 
Rail per PaS 

Yard. with^fli. Clamp. Bolts. 


Crane Stop. 


Height 
and Width 
of Base 
of Rail. 


Width of 
Head 
of Rail. 


Crane Rails: Crane Rails arc attached to the girder by means of clips or hook bolts, the latter being used 
chiefly for I-Beams, the flange being too narrow for a clip, and has the advantage of saving punching in the top 
flange. Clips and hook bolts provide for adjusting slight inaccuracies in the alignment of the rails. Rail Splices 
should consist of a flat bar fish plate or a rolled fish plate as angle splices are apt to interfere with the flange of 
the crane wheels. Provide our standard crane stop at the end of the rail. 

Dimensions: In preparing design indicate clearly distances A, R, J, E, G and distances of floor line to top 
of rail. These dimensions should be submitted to owners with design, but before ordering or manufacturing 
any material for the work the owner’s approval should be obtained for same. 
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TABLE 132. 

Typical Hand Cranes. 
McClintic-Marshall Construction Co. 


1 

Capacity. | 

Span. 

Wheel Baae. 

Max. Wheel 
Load. 

Vertical 

Clearance. 

Side 

Clearance. 

Wt. of RaiU. 1 

*0 

a 

(3 

1 

f/i 

Wheel Base. 

Max. Wheel 
Load. 

Vertical 

Clearance. 

Side 

Clearance. 

Wt. Of RailsTI 

1 

Plate 

Girders. 

I-Beams. 

Plate 

Girders. 

Tons. 

Ft. 

Ft. 

Lb. 

Ft. 

In. 

Lb. per Yd. 

Tons. 

Ft. • 

Ft. 

Lb. 

Ft. 

In. 

Lb. per Yd. I 

2 

30 

4 

3100 

4 

7 

30 

30 

10 

30 

7 

13000 

5 

10 

40 

40 

2 

50 

5 

4000 

4, 

7 

30 

30 

10 

50 

8 

14400 

5 , 

10 

40 

40 

4 

30 

4 

5400 

4f 

8 

30 

30 

12 

30 

7 

20700 

5 i 

10 

45 

45 

4 

50 

5 

6500 

4i 

8 

30 

30 

12 

50 

8 

22300 

si 

10 

45 

45 

6 

30 

6 

8000 

5 

9 

30 

35 

14 

30 

7 

26000 

5i 

10 

50 

50 

6 

50 

7 

9200 

5 

9 

30 

35 

14 

50 

8 

28000 

si 

10 

50 

50 

8 

30 

6 

10500 

5 

10 

35 

40 

16 

30 

7 

32300 

6 

12 

50 

55 

8 

50 

7 

1 1800 

5 

10 

35 

40 

16 

50 

8 

35000 

6 

12 

50 

55 


2S» 





TABLE 133. 

Details of a Steel Stair 
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TABLE 134. 

Diagram for Stress in Eye-bars Due to Weight. 



Problem* — Required stress due to weight of a 4 in. x i in. eye-bar, 20 ft. long, which has a 
direct tension of 56,000 lb. 

Then, /j = 4 in.; L = 20 ft., and /j = 14,000 lb. per sq. in. The stress due to weight, fi, 
is found from the diagram as follows: On the bottom of the diagram, find ^ « 4 in.; follow up the 
vertical line to its inter^tion with inclined line marked, L *= 20 ft., then follow the horizontal 
line passing through the point of intersection out to the left margin and find, = 3*3 tens oi 
thousandths; then follow vertical line, A = 4 in., up to its intersection with inclined line marked, 
ft “ 14,000, and then follow the horizontal line passing through the point of intersection to left 
margin and find, yi »* 7.2 tens of thousandths. Now y\ -f yi ® 7*2 + 3-3 “ 10.5. Find yi 
*+• yt ■» 10.5 on lower edge of diagram, follow vertical line to its intersection with line marked 
''Line of Reciprocals” and find on right margin, /i = 950 lb. so. in. 

For a bar inclined at an angle 6 with a vertical line multiply the fiber stress calculated for a 
horizontal bar as above, of the same length, and multiply the fiber stress thus obtained by sin 
For example if the bar above is inclined at an angle of 45 degrees with the vertical; the fiber stress 
due to weight is, fi » 950 x sin ^ - 950 x 0.707 - 672 lb. r i. . • t. •« 

Every inter^tion of the inclinea f% and L lines has for its abscissa a value of A, which will 
have a maximum fiber stress, fi, for the given values of fi and L. For example for Z. « 30 ft.; 
fi - 12,000 lb., we find A « 8.3in.,and/i - i,700lb. A deeper or shallower bar will give a smaller 
^ue of fi. 



TABLE 135. 

Diagram for Stresses in Square Plates. 



of 5quar« in Foot , 

Safe Loads on Square Plates. — The safe loads on square plates for a fiber stress of 10,000 
pounds per square inch may be obtained from the diagram. As an example, required the safe load 
for a i-in. plate 3 feet square. Begin at 3 on the bottom of the diagram, follow upward to the 
line marked i'in. plate, from the intersection follow to the left edge and find 280 lb. per sq. ft. 
For any other fiber stress multiply the safe load found from the diagram by the ratio of the fiber 
stresses. To use the diagram for a rectangular plate take a square plate having the same aresu 
For formulas for strength of plates, see page 313, Chapter VIII. 
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TABLE 136. 



64 


257 





















^atkss than 3^0 


TABLE 137. 

Details of Anchors and Anchor Bolts. 
American Bridge Company. 


These walJ connec- \ 
For 2^,2^^ I^s 5^^ 7^ WALL Ends tim are to be used on 

k^Fori^^leas i^\WidthoFWdll ii" ties in upper and lower 

‘ ^’’”^*'''1 chords oFmf trusses- 

§ ItiTTTT'pSi^-OP I Washers f 4-5” 

^ r'S'/ Washers 4"4- 

{ li" For ii kgs U ^ H” Wat! 


For 2^' legs i \l'0'' 1 1 ll 
ror2‘2ri>5”kgs^'VW^\ _ f'8” 
r .1"..^. >•,... T "YO"' 


f !% Torij kgs 
D/am- D A r For ^ 2Y kgs- 
For 2" kgs 


h- 2!” Wall 

U i-.- J 2B"Wall 


Where wall 
extends above 
truss, use an 
angle anchor 
as shown- 



\6overnment A ncHon Angle Anchor . 

Umi^ uSsi 

IPg4r'-A..'? Angles 
L_l_Il-r-. ! dipped Jcose\ ij 


VMI'S'/ong 2lF6U”4l-2h‘long- 


Weight Hbs- 


Weight with bolt Hbs- 



Screw Bolt Split Bolt Hacked Bolt* 
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TABLE 151 

Properties of Bethlehem I Beams 


Depth of Beam 1 

Weight per Foot 

Area 

Thickness of Web 

Width of Flange 

Increase of Web and Flange for 
Each Pound Increase in Weight 


i' f 

2 

Section Modulus 

Maximum Safe Shear on Web 

Maximum Bending Moment 
@ 16,000 Lbs. per Sq. In. 


III 

1 

2 

k 1 


Moment of Inertia 

Radius of Gy- 
ration 

Axis 

i-i 

Axis 

2-2 

Axis 

I - 1 

Axis 

2-2 

Axis 

i-i 

Ii 

Ij 

ri 

rj 

Si 

Ml 

m 

In. 

Lb. 

In.« 

In. 

In. 

In. 

In.* 

In.* 

In. 

In. 

In.» 

Lb. 

Ft.-Lb. 

Ft.- 

Lb. 

In. 

30 

I2I 

35-30 

•540 

10.500 

.010 

5 239.6 

165.0 

12.18 


2.16 

349-3 

8 

00 

0 

465 740 

I 960 

23-98 

28 

106 

p 

bo 

CO 

.500 

10.000 

.on 

4 OI4.I 

131*5 

11.40 


2.06 

286.7 

89 000 

8 

00 

I 830 

22.43 

26 

91 

26.49 

.460 

9.500 

.011 

2 977.2 

IOI .2 

10.60 


1.95 

229.0 

75 300 

305 350 

I 700 

00 

d 

24 

84.5 

0 

00 

.460 

9-250 

.012 

2 381.9 

91.1 

9.80 


1.92 

198.5 

75 100 

264 660 

I 570 

19.22 


83 

24.59 

.520 

9.130 

.012 

2 240.9 

78.0 

9-55 


1.78 

186.7 

93 100 

248 980 

I 570 

18.76 


73-5 

21.47 

.390 

9.000 

.012 

2 091.0 

74*4 

9.87 


1.86 

174*3 

54 000 

232 340 

I 570 

19-38 

20 

82 

24.17 

•570 

8.890 

.015 

I 559-8 

79-9 

8.03 


1.82 

156.0 

102 400 

207 980 

I 307 

15-65 


73 

21.37 

.430 

8.750 

.015 

I 466.5 

75*9 

8.28 


1.88 

146.7 

64 900 

195 540 

I 307 

16.13 


69 

20.26 

.520 

8.143 

.015 

I 268.9 

51-2 

7.91 


1-59 

126.9 

88 200 

169 190 

I 307 

15*51 


64-5 

18.86 

.450 

8.075 

.015 

I 222.1 

49.8 

8.05 


1.62 

122.2 

69 400 

162 950 

I 307 

15*77 


59-5 

17.36 

•375 

8.000 

.015 

I 172.2 

48-3 

8.22 


1.66 

117.2 

50 000 

156 290 

I 307 

16.09 

18 

59.C 

17.40 

•495 

7-675 

.016 

883-3 

39.1 

7.12 


1.50 

98.1 

78 000 

130 860 

I 177 

13*93 


54-5 

15.87 

.410 

7-590 

.016 

842.0 

377 

7.28 


1-54 

93.6 

57 500 

124 740 

I 177 

14.24 


52.0 

15-^4 

.375 

7-555 

.016 

825.0 

37-1 

7.36 


1.56 

91.7 

49 200 

122 220 

I 177 

14.38 


49.0 

14,25 

.320 

7.500 

.016 

798 3 

36.2 

7.48 


1*59 

88.7 

36 700 

II8 260 

I 177 

14.6.2 

IS 

71 -: 

20.95 

.520 

7.500 

.020 

796.2 

61,3 

6.16 


1.71 

106.2 

77 900 

141 540 

980 

11.85 


64.0 

18.81 

.605 

7-195 

.020 

664.9 

41.9 

5-95 


1.49 

88.6 

93 900 

II8 200 

980 

11.51 


54-5 

15.88 

.410 

7.000 

.020 

610.0 

38.3 

6.20 

1-55 

81.3 

54 800 

108 450 

980 

12.00 


46.C 

13*52 

.440 

6.810 

.020 

484.8 

25*2 

5-99 


1-36 1 

64.6 

60 000 

86 180 

980 

11.66 


41.0 

12.02 

.340 

6.710 

.020 

456.7 

24.0 

6.16 

1.41 j 

60.9 

39 900 

81 180 

^0 

I 2 .C» 


38.5 

11.27 

.290, 

6.6^ 

.020 

442.6 

23*4 

6.27 


1.44! 

59.0 

30 100 

78 680 

980 

12.20 

12 

36.5 

10.61 

.310 

6.300 

.025 

269.2 

21.3 

5*04 

1.42 

44-9 

32 200 

59 830 

78s 

9.67 


32.0 

944 

•335 

6.205 

.025 

228.5 

16.0 

4.92 


1.30 

38.. 

35 800 

SO 770 

78s 

9*49 


28.5 

8.42 

.250 

6.120 

.025 

216.2 

15*3 

5*07 

1*35 

36.0 

22 200 

48 050 

785 

9*77 

10 

28.5 

8.34 

•390 

5.990 

.029 

134.6 

I 2 .I 

4.02 

1. 21 

26.9 

39 800 

35 880 

654 

7.67 


23.5 

6.94 

.250 

5.850 

.029 

122.9 

11.2 

4.21 


1.27 

24.6 

21 000 

. 32 770 

654 

8.03 

9 

24.0 

7.04 

.365 

5*555 

.033 

92.1 

8.8 

3.62 

1. 12 

20.5 

33 90c 

> 27 290 

S 9 C 

i 6 88 


20.5 

6.01 

.250 

5.440 

.033 

85.1 

8.2 

3-76 

1. 17 

18.9 

I 20 IOC 

) 25 22c 

• S 9 C 

> 7 16 

8 

I 9 S 

5-78 

1 .325 

5*325 

•037 

60.6 

6.7 

3.24 

1,08 

15.] 

I 26 QCX 

5 20 20c 

> 52: 

i 6.11 


17.S 

; K.iS 

[ .2SC 

» 5*250 

.037 

57 4 

6.4 

3*33 

1. 11 

H*: 

\ i 3 90< 

D 19 I3< 

522| 6.28| 
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TABLE 151. — Continued, 
Properties of Bethlehem I Beams 


1923 Sections. 


Depth of Beam. | 

Weight per Foot. 

Area. 1 

1 

Thickness of Web. 

Width of Flange. 

f— - 


1 

Section Modulus. 

Maximum Safe Shear on Web. 


■■■ 

Moment of 
Inertia. 

Radius of 
Gyration. 

Axis 

i-i. 

ifli 

Axis 

i-i. 

Axis 

2-2. 

Axis 

I-I. 

It 

B 

ri 

r* 

Si 

In. 

Lb. 

InJ 

In. 

In. 

In.« 

B 

In. 

In. 

In.-* 

Lb. 

30 i 

I29.C 

37-52 

.580 

10.530 

5566.5 

177-5 

12.18 

2.18 

369.6 

1 19,100 

30 

1 21.0 

35-36 

•550 

10.500 

5213.6 

164.3 

12.14 

2.16 

347.6 

107,300 

29 | 

II5.O 

33-50 

.530 

10.480 

4886.8 

151.8 

12.08 

2.13 

327.1 

99,500 

28i 

II3.0 

32.98 

.540 

10.030 

4285.3 

142.3 

11.40 

2.08 

304.8 

lOTJOo 

28 

106.6 

30.93 

.510 

10.000 

3993-8 

130.9 

11.36 

2.06 

285.3 

92,300 

27 i 

100.0 

29.18 

.490 

9.980 

3723-4 

120.2 

11.30 

2.03 

267.1 

85,000 

i6\ 

98.0 

28.47 

,500 

9-530 

3200.9 

110.6 

10.60 

1-97 

245.1 

88,500 

26 

91.0 

26.55 

.470 

9.500 

2962.8 

100.9 

10.56 

1.95 

227.9 

78,300 

2Si 

8SS 

24.89 

.450 

9.480 

2742.2 

91.6 

10.50 

1.92 

21 1.9 

71,600 

24A 

104.5 

30.63 

.550 

9-775 

2967.7 

132.9 

9.84 

2.08 

246.4 

104,300 


995 

29.15 

•525 

9-750 

2811.7 

124.8 

9.82 

2.07 

234-3 

95,900 

*3 if 

95-5 

27-79 

.505 

9-730 

2663. 

I 

117.1 

9-79 

2.05 

222.8 

89,300 

22I 

71.5 

20.88 

.420 

8-535 

1705.2 

65.8 

X 9-04 

1.78 

154.2 

62,500 

22A 

68.5 

20.04 

.405 

8.520 

1629.3 

62.3 

9.02 

1.76 

147.7 

58,200 

22 

65.5 

19.08 

•385 

8,500 

1549-5 

58.8 

9.01 

1.76 

140.9 

52,600 


74.0 

21.61 

.440 

8.770 

1238.0 

82.9 

' 7-57 

1.96 

136.6 

66,100 

18 

69.0 

20.20 

.420 

8.750 

1142.5 

75.6 

7.52 

1-93 

126.9 

60,800 

JZi 

6^ 

18.79 

.400 

8 . 770 

10^8.5 

68,4 

7-47 

1.91 

1 17-3 

‘;‘;,6oo 



493.000 

463*500 

436.000 


406.400 

380.400 

356.000 

327.000 

304.000 

282.500 

328.500 

312.400 

297.000 

205,600 

197.000 

188.000 

182.500 

169.000 

1 56.400 














TABLE 152 

Properties of Bethlehem Girder Beams. 


Depth of Beam. 

Weight i>er Foot. 

Area. 

Thickness of Web. 

Width of Flange. 

2- 

P 

■ 


Section Modulus. 

Maximum Safe Shear on Web 

Maximum Bending Moment 
@ 16,000 Lbs. per Sq. In. 



■ 

■ 

Moment of 
Inertia. 

Radius of 
Gyration. 

B 

Axis 

2-2. 

Axis 

i-i. 

Axis 

2-2. 

Axis 

i-i. 

It 

U 

n 

rj 

St 

Ml 

In. 

Lb. 

In.> 

In. 

In. 

hi* 

In.< 

In. 

In. 

In.* 

Lb. 

Ft.-Lb. 

3 oi 

200.0 

58.52 

.76 

15.04 

9148.8 

628.5 

12.50 

3.28 

607.5 

193,200 

810,000 

30 

190.0 

55-52 

•72 

15.00 

8651 

I 

389-4 

12.48 

3.26 

576.7 

176,400 

765,200 

29 i 

1 81.0 

52.82 

.69 

14-97 

8181.O 

552.0 

12.45 

3-23 

547-6 

163,700 

730,000 

*8i 

175-0 

51.02 

-70 

14.29 

6988.7 

496.2 

11.70 

3.12 

497.1 

164,800 

662,700 

28 

165.0 

48.19 

.66 

14,25 

6577-9 

462.8 

11.68 

3.10 

469.9 

149,100 

626,000 

26i 

160.0 

46.85 

.67 

13-79 

5576.6 

432.8 

10.91 

3.04 

427.0 

149,500 

569,400 

26 

15 1. 0 

44.16 

.63 

13-75 

5237-1 

402.7 

10.89 

3-02 

402.9 

134,900 

537,000 

251 

144.0 

41.99 

.61 

13-73 

4930 

6 

375-0 

10.84 

2.99 

381.0 

127,300 

508,000 

Hi 

149.0 

43-57 

.65 

13.29 

445 « 

1 

383-3 

10. 1 1 

2.97 

369.1 

138,200 

492,000 

H 

I4I.0 

41.02 

.61 

13-25 

4174-2 

356.4 

10.09 

2-95 

347-9 

124,600 

462,000 

Hi 

133.0 

38.71 

.58 

13.22 

3912.4 

330.7 

10.05 

2.92 

327-7 

114,400 

437,000 

Hi 

129.0 

37-74 

.58 

12,29 

3844.8 

278.2 

10.09 

2.72 

318.8 

114,800 

425,000 


12 1. 0 

35-30 

-54 

12.25 

3585-3 

256.9 

10.08 

2.70 

298.8 

101,400 

398,400 

23 i 

1 14.0 

33.12 

-51 

12.22 

3340 

.6 

236.7 

10.04 

2.67 

279.8 

91,400 

373,000 

20i 

149.0 

43-44 

.69 

12,78 

3 106.6 

384-5 

8.46 

2.97 

308.8 

138,100 

417,700 

20 

142.0 

41.31 

.66 

12.75 

2932.3 

360.9 

8.43 

2.96 

293.2 

129,200 

391,000 

i 9 i 

135.0 

39.18 

.63 

12.72 

2760.6 

337-6 

8.39 

2.94 

277-7 

120,500 

370,200 

20 i 

120.0 

34-95 

-59 

12.03 

2505.5 

260.1 

8.47 

2.73 

249.1 

109,800 

332,000 

20 

I 13.0 

32.90 

.56 

12.00 

2340,2 

240.8 

8.43 

2.71 

234.0 

101,000 

312,000 

I 9 i 

107.0 

31.06 

•54 

11.98 

2184.0 

222.3 

8.39 

2.68 

219.7 

95,100 

293,000 

i8i 

100.0 

29.25 

•52 

11.54 

1725-7 

202.6 

7.68 

2.63 

190.5 

86,300 

254,000 

18 

93.0 

27.14 

.48 

11.50 

1593-4 

185.1 

7.66 

2.61 

177-0 

76,000 

236,000 

I 7 i 

87.5 

25.40 

.46 

11.48 

1472-8 

168.9 

7.61 

QO 

164.7 

70,700 

219,600 
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TABLE 152, Continued, 

Properties of Bethlehem Girder Beams. 





























TABLE 153 

Properties of Bethlehem H Columns 
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TABLE 153 . — Continued 
Properties of Bethlehem H Columns 


5 1 £ 

II & 



i 

Moment of 
Inertia 

Radius of 
Gyration 

Section 

Modulus 

Axis 

i-i 

Axis 

2-2 

Axis 1 
X-I 1 

1 Axis 
j 2-2 

Axis 

i-i 

1 Axis 
2-2 


H Columns 


I3t 140.5 lA 12.3s .82 I.2SS 1.370 18 

J3i H7-5 *1 12.39 .86 1.3 17 1.433 

I3l IS4-S lA 12.43 .90 1.380 1.495 


13! I162.0I 


|i2.47| .94:1.44211.5581181 


10 550 
loi 60.5 
loj 66.0 
lo} 72.0' 
loj 77-5 
loi 83.5 
I of 89.0 
loi 95*0 

11 100.5 


lA 10-28 
ij 10.31 


lit I106.S I A 10.3s 

iij 112.0 1} 10.39 

III 1 18.0 I A 10.43 

III |i24.o i| 10.47 


§^*-4« 03 » 2«4 S 
2lS43-«o I 2894 
45- «9 I 366.0 
47.28 I 44 4.3 


10" H Columns 


9i 49-5 A 9-97 -SU -^n hA 


14-37 263.5 


•39 -577 .673 14A 

43 -639 736 14A 

47 -702 .798 Hi 

.51 .764 .861 I4i 

•S3 -827 .923 Hi 

•59 -889 .986 14J 

.63 .952 1.048 14 J 

.67 1.014 I. Ill 15 
.70 1.077 i->73 iSi 

•74 «-«39 1236 isA 
.78 1.202 1.298 15 A 
.82 1.264 1.361 I5A 
.86 1.327 1.423 15A 


15.91 
5 17-57 

5 19-23 

20.91 
i 22.59 
3 24.29 
3 25.99 

8 27.71 

.s 29.32 


404.1 5.44 3.14 185.0 65.4 

428.0 5.47 3.15 194.6 69.1 

452.2 5.50 3.16 204.3 72.8 

4 77-0 5 -53 3-18 214. 0 76.5 


4.28 2.49 53.4 17-9 

4-32 2.51 59.4 20.1 

4-35 2.53 65.6 22.3 

4-37 254 71.8 24.6 

4.40 2.56 78.1 27.0 

4.43 2.57 84.5 29.4 

4.46 2.58 90.9 31.8 

4.49 2.60 97.4 34.2 

4.52 2.61 103.9 36.7 

4.55 2.62 110.4 39-1 

4.58 2.64 1 17.0 41.7 

4.61 2.65 123.8 44.3 

4.64 2.66 130.6 46.9 
4.67 2.67 137.5 49.5 


8" H COLimNS 


7 i 32.0 A 8.00 .31 .399 .476 Ili 


9.17 105.7 


8 35.0 I 

8i 39-S A 
44-0 f, 
8# 48-5 ti 

8| 53-0 1, 

81 58.0 H 

8f 62.0 i 
8t 67.5 tt 

9 72.0 I 

9l 77-0 lA 

9 81.5 

9 ’ 86.0 I A 
9 } 91-0 It 


8.00 .31 
8.04 .3S 
8.08 .39 
8.12 .43 
8.16 .47 
8.20 .51 
8.24 .55 
8.28 .59 
8.32 .63 


.462 .538 III 

.524 .601 iiA 
.587 .663 IIjV 
.649 .726 1 1 H 
.712 .788 lift 
.774 .851 12 

.837 .913 12A 

.899 .976 I2t 
.962 1.038 I2i 


8.36 .67 1.024 *-*oi 12I 

8.39 .70 1.087 1-163 12* 

8.43 .74 I.I49 1.226 I2f 

8.47 .78 I.2I2 1.288 121 


10.17 
11.50 
^ 12.83 

> H-i 8 
•o »5S3 
■ 16.90 

I 18.27 

I 19.66 
8 21.05 


3.71 2.13 

3 75 2.14 
3.77 2.16 
3.80 2.17 


26.9 8.9 

30.4 10.3 

34-3 ”-7 

38.4 13.2 

42.4 14.7 

46.5 16.3 

50.7 17.8 

54-9 *9-4 
59.2 21.0 

63.5 22.7 

67.8 24.4 

72.1 26.0 

76.6 27.8 

81. 1 29.6 
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TABLE 153. — Continued, 
Properties of Bethlehem H Columns. 
Supplementary Sections. 




































TABLE 154 . 

Properties of Bethlehem Compound Columns. 


14J" X 149 Lb. 
Special H 
becuon. 



h 



-e ^ — 


Reenforced 

with 

Cover Plater 


Depth. 

Total Section. 

Dimensions. 

Moment of Inertia. 

Radius of Gyra- 
tion. 

Section Modu- 
lus. 

Weight. 

Area 

H 

Section. 

Cover Plates. 

G 

Axis 

A-A 

Axis 

B-B. 

Axis 

A-A. 

Axis 

B-B. 

Axis 

A-A. 

Axis 

B-B. 

Width. 

Thick- 

neikS. 

H 

C 

P 

u 

Ib 

*-A 


Sa 

^B 

In. 

Lb. 

In.* 

In. 

In. 

In. 

In 

In.* 

In.* 

In. 

In. 

In.* 

ln.» 

i6f 

285.0 

83.52 


16 

li 

23 A 

3737.7 

I32I.9 

6.69 

3.98 

449-6 

165.2 

i6i 

291.8 

85.52 

D 

16 


23A 

3876.9 

1364.6 

6.73 

3.99 

462.9 

170.6 

i6i 

298.6 

87.52 

Hi 

16 

If 

23 i 

4018.2 

1407.3 

6.78 

4.01 

476.2 

175-9 


3054 

89.52 


16 

* A 

23I 

4161.7 

1449.9 

6.82 

4.02 

489.6 

181.2 


312.2 

91.52 


16 


231V 

4307.2 

1492.6 

6.86 

4.04 

503-0 

186.6 

i 7 i 

319.0 

93 * 5 i 


16 


234 

4454*9 

1533-3 

6.90 

4.05 

516.5 

I9I.9 

i 7 i 

325-8 

95-52 

T 

16 

4 

23 i 

4604.8 

1577-9 

6-94 

4.06 

530.0 

197.2 

i 7 i 

332.6 

97.52 

i 

16 

lii 


4736.8 

1620.6 

6.98 

4.08 

543-6 

202.6 

i 7 f 

339:4 

99.52 


16 

4, 

234 

491 1. 0 

1663.3 

7.02 

4.09 

557-3 

207.9 

171 

346.2 

101.52 


16 


234 

5067.5 

1705.9 

7.07 

4.10 

571-0 

213.2 

I 7 f 

351*3 

103.02 

B 

17 

If, 

24J 

5132.5 

1901.6 

7.06 

4.30 

582.4 

223.7 

I7i 

358.5 

X05.15 

14.90 

17 


24A 

5298.7 

1952.8 

7.10 

4-31 

597.0 

229.7 

i 7 i 

365-7 

107.27 


17 

4 

24H 

5467.2 

2003.9 

7.14 

4-32 

611.7 

235-8 

18 

373-0 

109.40 


17 

itt 

241 

5638.1 

2055.1 

7.18 

4-33 

626.5 

241.8 

i8i 

380.2 

III. 52 

W 

17 

2 


3811.3 

2106.3 

7.22 

4-35 

641.3 

247.8 

i8| 

387*4 

113.65 

1.41 

17 

2* 

24H 

5987.2 

2157.5 

7.26 

4.36 

656.1 

253.8 

i8l 

394.6 

115.77 


17 

2i 

25A 

6165.4 

2208.7 

7.30 

4*37 

671.1 

259.8 

18} 

401.9 

117.90 

M 

17 

2lV 

25 i 

6345-9 

2259.8 

7.34 

4.38 

686.0 j 

265.9 

18} 

409.1 

120.02 

0.808 

17 

2i 

25A 

6529.0 

2311.0 

7.38 

4-39 

701. 1 

271.9 

i8i 

416.3 

122.15 

1 

*7 

2A 

25A 

6714.5 

2362.2 

7-41 

4.40 

716.2 

277-9 

i8| 

424.4 

124.52 


18 

2i 

254 

6832.6 

2655.6 

7-41 

4.62 

733-7 

295.1 

18} 

432.0 

126.77 


18 

2A 

26 

7029.0 

2716.4 

7-45 

4.63 

749.8 

301.8 

i8i 

439-7 

129.02 

N 

18 

2| 

26A 

7228.1 

2777.1 

7.48 

4.64 

765.9 

308.6 


447*3 

131.27 

0.942 

18 

2* 

26A 

7429.8 

28379 

7-52 

4-65 

782.1 

3 * 5-3 

19I 

455*0 

133*52 


18 

2* 

264 

7634.2 

2898.6 

7.56 

4.66 

798.3 

322.1 

I 9 | 

462.6 

135.77 


18 

2* 

261 

7841.3 

2959.4 

7.60 

4.67 

814.7 

328.8 

191 

470.3 

138.02 

L 

18 

2t 

26A 

8051.1 

3020.1 

7.64 

4.68 

831.1 

335-6 


477.9 

140.27 

11.06 

18 

2H 

26A 

8263.6 

3080.9 

7.68 

4.69 

847.6 

342-3 

i 9 i 

485.6 

142.52 


18 

2i 

26| 

8478.9 

3141.6 

7*71 

4.70 

804.1 

349 -* 


Columns composed of a 14" X 148 Ib. Special Column Section, reenforced with cover plates 
of width and thickness given In table. The total thickness, P, may be made of two or more plates, 
each of punchable thickness. 


266 






H 14 H 14 H ] 

288.5 254.0 


TABLE 154. — Continued, 

Properties of Bethlehem Compound Columns. 




























TABLE 155 . 

Elements of Bethlehem I< Beams and Girder Beams. 


Elements of Bethlehem 1 Beams. 






ill 


Dimensions, in Inches. 




B C 3 c 
3"* 


Dimensions, in Inches. 


K G A B 


30 i2o.ojioi 6i sAA I 

28 los-oiio J 24H iH fi 6 si A I 


26 90.0 

24 84.0 

24 83.0 

24 73.0 

20 82.0 

20 72.0 

20 69.0 

20 64.0 

20 59.0 

18 59.0 

18 54.0 

18 52.0 

1 8 48.5 


9 i ii*3 «i H si SAA I 

9 i H « >i f Si sA A i 
9 i HjiAiHH si si a i 
9 tt iiAiH H si si i i 
8H H i7i lA i s sA I f 
8i A i7i jA is sA i i 
8A H I7i li i 4i si A i 
8AH i7i li f 4i sA A i 
8 i I 7 i li f 4i si i i . 
7|f i «Si «i A 4i si A i 
7? Hisi li A 4 } sAi , i 
7Ai «Si »i A 4i si i i 
7i fjisl li A 4i SAi i 


71.0 7 J ii iij li H 4i si A 
64 0 7A ii «2A >ii i 4 si i 
54-0 17 H 12A >ii ii 4 sA i 

46.0 | 6 M I AH si sA A 

41.0 6pH lii >A HsisAi 

38.0 j 6 H «i 2 i iAH 3 i sA A 

36.0 i6tt A 9! *A A si sA A 

32.0 6 A ii JoA HA 3i sA i 

28.5 61 i loA H A 3i si A 

28.5 !sfi H 81 H i 3 i si i 
23s sHi 81 H isisiA 

24.0 sA H 7i i I 3 si i 

20.0 sA i 7 i i i 3 si A 

19 .5 sH H 6 ! H A *i sA i 
J7 S si i 6t H A 2i si A 


Elements of Bethlehem Girder Beams. 






ja 6 2 • 

a8| 

i!aJ5 


Dimensions, in Inches 


Ui — 

F 


Dimensions, in Inches 


30 200.0 IS , i.zsAiHit II si A 

30 180.013 tt 2 SA 2 H 1 A 9 sHA 

28 i8o.o 14 H ■ H 23 I 2AiAioisH A 
28 16 S. 012 J H 23 i 2 A 1 A 8 |stti 

26 160.0 13H. f 2it 2A1A 9isl I 
26 150.012 t 2it 2A»i 8 si i 


24 140.0 13 

24 120.0 12 


H 20 2 

H 20i r 


20 140 . 0 12 J - tt isHUA'ii 

20 ' 112.0 12 H i6| iHi 


U 81;! L'l 


«i!l 1.1 

8 sA,A 1 


Not*. ElemenU for 191 1 Standard*. 268 


92.0 iii H i 4 i l'l H 7 i si A J 

140.0 iiiH 7oJ 2 A »A 7i SiiA * 

104.0 Hi H Hi iH H 7i si i I 

73.0 loj A i 2 A;iHtt ejsAi I 
70.010 H 9 li ,.i 6 SA A I 
SS-o 9il 9i li H 6 SI i i 

440 9 A 7i li H si SA A I 

38.0 8iH 61 lAH si sAA i 
31.5 8H 6 AssAAi 


Max Rivet 1 4 h** *♦-* *♦-* Max. Rivd 

in Flange. 1 | ^ 0.^ oh* \ jn Flange. 





TABLE 156. 

Standard Connection Angles for Bethlehem I-Beams. 


SD'l It 

ifl i 

2J}4''x4'xy>iZij^ 2b4'^4''4’’‘l-t0? 2LW'*4‘’^V>^J'-Si‘' 

W0!ght46Jt. Weight 41 Ib. ‘ Weight 37 lb- We/ght32lb- 

A' ' J0"9''3;8''Ie- 

i-Si -0 

Zl}4’>t4’eyxjli* ZJ!6’i4'el-’*I‘-0i' 2L>e''x4’4'^0-W* 2L>6‘x4'>y*DW ZL‘£‘>4’>‘f''‘0-S* 

Weight 2SIb- Weight ZSib- Weight 241b- Wei^t 18 lb- ^ Weight iZib- 

Spacing same in both legs of angles unless otherense shown- AH holes Diem- for ^Dlam- Rivets orBolts- 


28 "!^ ,/» 

r¥f” 


Beam Commectioms 
. 01 - 




'2Is4’A4’Ayil’-8’' 
Weight 37 lb- 


24’1 




2 B 4 ’'* 4 ‘ 4 ''>^I-Si' 

Weight32Ib- 

I0"9''3;8''ls- 

H\ m 

-I 


Minimum Spans on which the Above Connection Angles may be Used for Greatest bafe Uniformly Distributed Loads. 

Least Span, in Feet, for Various Conditions. 


pth of 
, Inches. 

Weight per 
Foot. Lbs. 

Con- 
nection 
to Web 
of 

Beam. 

Field 

Con- 

nection. 

When Two Beams Frame Opposite Each Other to a 
Beam or Girder with a Web Thickness as Follows : 

A'' r A" 1 " A" i" 

Field Connection. 

Rivei Shear, 
6,000 Lbs. per 
Square Inch. 

30 

121.0 

23.0 

21.1 

22.1 

bo 

28.4 

33-1 

397 

497 

! 

On ! 
Ce* ' 

28 

io6.o 

22.7 

19.2 

20.1 

22.7 

25.9 

30.2 

36.2 

45-3 

24.0 

26 

90.0 

22.1 

17-3 

18.1 

20.4 

23-3 

27.1 

32.6 

407 

21.6 

24 

84.5 

21.9 

17.1 

17-9 

20.2 

23-1 

26.9 

32.2 

40.3 

21.4 

24 

73.0 

22.7 

15.0 

157 

177 

20.2 

23.6 

28.3 

35-4 

18.8 

20 

72.0 

20.2 

14.7 

iS -4 

17-4 

19.9 

23.2 

27.8 

34.8 

18.4 

20 

S 9 S 

18.S 

11.8 

12.3 

13-9 

159 

18.S 

22.2 

27.8 

i 147 

18 

49.0 

16.4 

10.7 

11.2 

12.6 

14.4 

16.8 

20.2 

25.2 

134 

15 

71-5 

12. 1 

16.0 

16.8 

18.9 

21.6 

25.1 

30.2 

377 

20.0 

15 

54-5 

11.8 

*2.3 1 

12.8 

14.S 

16.5 

19.3 

23.1 

28.9 

15-3 

15 

38.5 

12.1 

8.9 

9-3 

lo.s 

12.0 

14.0 

16.8 

21.0 

11. 1 

12 

36.5 

10.3 

9.0 

9-5 

10.6 

12.2 

14.2 

17-0 

21.3 

11.3 

12 

28.5 

10.3 

7-2 

7.6 

8.5 

9.8 

11.4 

137 

17.1 

91 

10 

23 -S 

8.7 

7-4 

7.8 

8.7 

10.0 

11.6 

14.0 

17.S 

9.3 

9 

20.5 

6.7 

5-7 

6.0 

6.7 

77 

9.0 

10.8 

13 s 

7-1 

8 

» 7 ‘S 

S-i 

4-3 

4 -S 

S-i 

S.8 

6.8 

8.2 

10.2 

5-4 


The greatest value given of the least span for any of the governing conditions is the minimum 
span for which the connection may be used. 
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TABLE 157. 

Standard Connection Angles for Bethlehem Girder Beams. 


3o\ 0' 


^BAM COHNECTtONS 



W^ighf77/b- 

■ID 

ZLxe‘'xfi^x7/xji0i'' 

Wej 0 hf 4 IIb^ 


21 } 

PVejgAf 07 /b- 


2^0'x0%yxgi/g* 

We/ 0 hf 32 It- 


zue’xf'icffX./s-e^' 

Wet 0 htS 7 It- 

tO'XIZ'S 

2i' I 

ZLs^'x^’x-O'-Ji* 

Wtl 0 hf 7 Slb- 


ii£i 

•Ik!S I ‘ ™ 

W«iaht 48 Ib’ 


Zlf6’x6''*^‘'x0'-S* 

Ib> 


Sptcina iBmt in boHt legs of aiyl*s mUss athtmise abfwn^ All bpiea ^ Daat-fir^Diam-Riv'ffs or 

Minimum Spans on which the Alxive Connection Angles May be Used for Greatest Safe Uniformly Distributed Loads. 

Least Span, in Feet, for Various Conditii'ns. 

Rivet : Shearing lo.ooo Lbs., Bearing ao.ooo Lbs. per Sq. In. 

Depth of Beam. Weight per Field Connection. 

Inches. Foot. Lbs. When Two Beams Frame Opposite Each Other to a Rivet Shear, 

' nection Field Beam or Girder with a Web Thickness as Follows : g 

to Web Con- Square Inch. 


Depth of Beam. 
Inches. 

Weight per - 
Foot. Lbs. 

30 

200.0 

30 . 

181.0 

28 

180.0 

28 

165.0 

26 

160.0 

26 

I51.O 

24 

I4I.O 

24 

121.0 

20 

142.0 

20 

II3.O 

18 

93.0 

IS 

141.0 

IS 

105.0 

IS 

74.0 

12 

70.5 

12 

S 5 -S 

10 

44.S 

9 

38.5 

8 

33-0 


Con- 
nection 
to Web 
of 

Beam. 

Field 

Con- 

nection. 

When T 
Beam or 

A" 1 

24 -S 

24-5 

257 

22.0 

22.Q 

23.0 

24.1 

24.1 

25.2 

21.8 

21.8 

22.8 

20.1 

20.1 

21.0 

18.4 

18.4 

19.3 

19.2 

19.2 

20.1 

18.3 

16.5 

17-3 

197 

197 

20.6 

16.8 

157 

16.4 

14.6 

1 1.9 

12.4 

18.3 

18.3 

19.2 

14.0 

L4.0 

14.7 

13.9 

10.2 

10.6 

1 1.6 

10.8 

1 1.4 

ii.S 

8.7 

91 

9-3 

S -9 

6.2 

11.3 

7.6 

8.0 

8.8 

S-8 

6.0 


The greatest value given of the least span for any of the governing conditions is the minimum 
span for which the connection may be used. 
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TABLE 158 . 

Cast Iron Separators for Bsthlehbu Girder Beams and I-Beams. 


Bbtmlbhsm Girokb Bbams. 








5€parstorsf6r/8%30 *' beams are / metaL 
Separators For 8^^ to 15 beams are j metal* 


Distances. Bolts. 


Weights. 
Separators.! B 



In. In. In. 


Separators with Three Bolts. 


1 In. I In. I In. | In. | Lb. | Lb. 
Separators with Three Bolts. 


Lb. I Lb. 


30 

30 

28 

28 

26 

26 

200.0 15! 

180.0 13I 

180.0 15 

165.0 I3i 

160.0 I4i 

150.0 121 

.5 

13 

Hi 

12I 

i 3 i 

Iii 

10 i 7 i| 73 .o 4.50 
10 151,64.5 4.50 
7ljl61 65.0 4.15 
7 iiS 59 -i; 4 .«S 
7 iji 6 I59.0 3.85 
7 i, 14! 53.0 3 85 

7-7 -375 
7-0 -375 
7-4 -375 
6.8 .375 
7-1 -373 

6.6 .375 

30 

28 

26 

120.0 

105.0 
90.0 

ni 

loi 

loi 

lof 10 
loi 7}! 
9 i 7 i 

I2i 

12 

Hi 

50.1 4.50 
43-9 415 
39-3 3-85 

6.0 

S -7 

S-S 

• 37 S 

•375 

•375 


Separators 

with Two Bolts. 


Separators with Two Bolts. 

24 

140.0 I3i 

I 3 i 

I2i 151 

50.0 

3.50 

4.6 .25 

24 

84.0 

9! 

9 i I 2 i 

Mi 

3 S-I 3 65 

3-6 

•25 

24 

120.0 I2j 

12} 

I2i Hi 

47.0 

3.50 

4-3 -25 

24 

73.0 

9 | 

9 i 1*1 

11 

3 S « 3-65 

3.6 

•25 

20 

140.0 13 


10 141 

39.0 

2.80 

4 5 -25 

20 

72.0 

2! 

9 10 

loi 

28.2 3.00 

3 S 

• 2 S 

20 

112.0 12} 

12 

10 14 

38.0 

2.80 

4-3 -25 

20 

59.0 

8i 

8i 10 

10 

26.1 3.00 

3-4 

• 2 S 

18 

92.0 12 

lli 

10 I31 

34.0 

2.60 

4.2 .25 

18 

48.5 

8 

7f 10 

9 i 

22.1 2.70 

3-2 

•25 

15 

140.0 12} 

"I 

7 §!> 4 , 

22.0 

1.50 

4-3 25 

IS 

71.0 

8 

7 l 7 l 

9 i 

13.1 1.65 

3-2 

•25 


104.0 iii 

ni 

7 ll« 3 i 

22.0 

1.60 

4.2 .25 

IS 

54.0 

7 i 

7 7 l 

9 , 

12.3 1.65 

31 

•25 

IS 

73.0 II 

loj 

7 ii 2 i 

21.0 

1.60 

4.0 .25 

IS 

38.0 

l \ 

7 7 J 

81 

13.3 1.80 

3.0 

•25 

12 

70.0 loi 

10 


I 7 -S 

1.30 

3.8 .25 

12 

36.0 


6| 5 

8 

9.1 1.30 

2.8 

•25 

12 

55-0 loi 

10 

5 liil 

175 

1.30 

3.8 ,25 

12 

28.5 

6 i 

6i S 

7 J 

9.0 1.30 

2.8 

•25 

Separators with One Bolt. 

Separators with One Bolt. 

10 

44.0 9J 

9| 

lol 

11.0 

l.IO 

1.8 .125 

10 

23 s 


6 

7 i 

7.5 I.IO 

1-4 

.125 

9 

38.0 9 

81 

loi 

10.0 

1.00 

1.7 .125 

9 

20.0 


si 


6.4 1.00 

1-3 

.125 

8 

3*5 8 J 

81 

Cl. 9 l 

8.0 

-.85 

1.7 .125 

8 

I 7 S 

sf 

si-..-- 


SS -85 

1*3 

.125 


Separators for 18 to 30 inch beams are f inch meta 

I. 








Separators for 8 to 15 inch beams j 

ire t inch metal 









All bolts 1 inch diameter 

• 












Note. 1911 Standard Separators 




TABLE 159 . 

Safe Loads, in Tons, and Deflections, in Inches, Bethlehem I-Beams. 


Depth. Weight. I Length of Span in Feet. 





The figures ^vc the safe uniform load, in tons of 2000 lb., based on an extreme fiber stress of 
16000 lb. per sq. in., or end reactions for safe uniform load in thousands of lb. 

Figures for deflection in inches. 

For loads concentrated at center, use one naif of figures given for allowable load, and four- 
fifths of deflections. 

For figures to right of heavv lines, deflections are excessive for plastered ceilings. 

Figures given apply only when beams are secured against lateral deformation. 


* Increase of safe load in tons for each pound increase in weight of I-Beam. 
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TABLE 160. 

Safe Loads, in Tons, and Deflections in Inches, Bethlehem Girder Beams. 





In. 

Lb. 

«0| 

”1 

t 4 j 

16 




34 

36 

38 

40 

96 

90 

86 

81 

86 

81 

77 

73 

.23 

.22 

.21 

.20 



33 ”7 104 
:ic loo 8 q 

45 -39 -35 

'll— 

112 98 87 
89 78 69 
■37 -33 -29 
lA — .27 
67 59 ’ll 
.34 -29 .26 


115 105 
106 96 

■34 -31 
■^5 ■J^ 
93 85 

80 73 

■31 ^29 

78 71 

62 57 

.26 .24 

47 43 


141 

los 

IS 74 

* 

113 94 81 71 63 

87 72 62 54 48 

63 5 * 45 39 35 

.39 .33 .28 .25 .22 

S7 

43 

31 

.20 

SI 

39 

29 

.18 

47 

36 

26 

.16 

Del 

.11 .16 .22 .28 . 36 

•44 

•55 

.64 

70.5 

48 40 34 30 27 

24 

22 

20 

,, sss 

38 32 27 24 21 

19 

17 

16 

12 ^ 

.31 .26 .22 .20 .18 

.16 

•14 

•13 

Def. 

.14 .20 .27 .,35 -45 

■55 

.67 

•79 

445 

26 22 19 16 15 

13 

12 

11 

10 * 

.26 .22 .19 .16 .15 

•13 

.12 

.11 

Def. 

.17 .24 .5^ 4 ^ -54 

.66 

.80 

•95 

38.5 

20 17 14 13 II 

10 

9 

8 

9 * 

.23 .20 .17 .15 ■IS 

.12 

.11 

.10 

Def. 

.18 .27 .36 .47 .60 

.74 

.89 

1.06 

33 

15 13 II 10 8 

8 

7 

6 

8 • 

.21 .17 .15 .13 .12 

.10 

.09 

.08 

1 Def. 

.21 .30 .41 .S3 .67 

■S3 

1. 00 

I.IQ 


.40 

.46 

•55 

.61 

.78 

89 

82 

77 

72 

68 

81 

76 

70 

66 

62 

.26 

.24 

•23 

.21 

.20 

•45 

■50 

■57 

■65 

•74 

72 

67 

62 

S8 

55 

62 

57 

53 

SO 

47 

.24 

.22 

.21 

.20 

.18 

•47 

•54 

.62 

•7/ 

.80 

60 

S6 

52 

49 

46 

48 

45 

42 

39 

37 

.20 

•19 

■17 

.16 

■15 

•5^ 

■^5 

•74 

•^^5 

.q6 

36 

34 

31 

29 

28 

.18 

•17 

.16 

•15 

.14 

.62 

■72 

■Ss 

■94 

1.06 

44 

40 

38 

35 

33 

33 

31 

29 

27 

26 

24 

22 

21 

20 

18 

•15 

.14 

•13 

.12 

.12 

•75 

.87 

•99 


1.28 

18 

17 

16 

IS 

14 

IS 

14 

13 

12 

11 

.12 

.11 

.10 

.10 

.09 

•95 

1.08 

£££ 

1.41 

2.59 

10 

9 

9 

8 

8 

.10 

•09 

•09 

.08 

.08 

I.J2 

1-30 

J.4Q 

j.6q 

1 .QI 

8 

7 

7 



.09 

.08 

.07 



1.24 

1.44 

1.66 




•77 

■Ss 

■95 

64 

61 

58 

59 

56 

53 

.19 

.18 

•17 

Jl 

■92 

1.02 

52 

49 

47 

45 

42 

40 

■17 

■ 17 

.16 

.89 

I.OO 

I.IO 

43 

41 

39 

35 

33 

31 

•15 

•14 

•13 

1.07 

1.19 

1.32 

26 

25 

1 

•13 

.12 

.12 

1.19 

1-33 

i^•47 


The figures give the s&fe uniform load in tons, of 2000 lb., based on extreme fiber stress of 
00 lb. per sq. in., or end reactions for safe uniform load in thousands of pounds. 


Figures for deflections are given in inches. , , ^ , ,, , , , , , . 

For load concentrated at center, use one-half of figures given for allowable load and four- 

fifth* values given for deflection. ... . r 1 » 

For figures at right of heavy zigzag lines deflections are considered excessive for plastered 

l^igures given apply only when beams are secured against lateral deformation. 

* Increase of safe load in tons for each pound increase in weight of Girder Beams. 
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TABLE 161. 

Standarx) CoLtmN Footings 
Rolled Steel Slabs. 


American Bridge Company. 



Note . — For allowable stresses and details of the design of Standard Column Footings/^ see 
page 1 19 , Part I. Ti is theoretical thickness. 
































































I8i1 8811 8888 llfs 


TABLE 161. — Continued, 

Standard Column Footings. 

Single Tier Grillage. 
American Bridge Company. 








































































































Four Beam Grillage Three Beam 


TABLE 161. — Continued, 

Standard Column Footings. 

Single Tier Grillage. 
American Bridge Company. 





Minimum 

Column. 


Footing 

Number. 



Pressure 500 Pound?. 



30 29 

30 28 

30 27 

34 30 




*-4i 446 4J 

1- Sl 5-35 si 

2- 6 J 6.12 6i 

2-8 7.53 8 


-2 3-59 

-4 I 363 

4.07 
454 


Size. 


3-12 

I 

35 

3-12 

I 

I 

35 

3-12 

45 

3 -J 5 

I 

50 

3-15 

I 

55 

3-18 

1 65 

3-18 

1 65 

3-20 

1 

75 

3-18 

1 85 

3-24 

I 

100 

3-24 

I 

120 

3-24 

I 

120 

3-24 

I 

120 

3-24 

I 

120 

3-24 

1 

120 

3-24 

I 

120 

4-10 

I 

30 

4-12 

I 

40.8 

4-15 

1 

50 

4 - 1 S 

1 

50 


2-1 475 5 

2 -ii 5-39 si 
2-5 1 5-22 sJ 

2-6 6.02 6 


2-7 

2-6| 

2-61 
i -7 1 7 04 


36 34 

38 34 

37 34 

40 34 




Ft . In. Lb. 



4-20 I 85 
4-20 I 90 
4-24 I 100 
4-24 I 100 


4 12 4-24 I 100 

O 12 4-24 1 100 

O II 4-24 I 120 

6 13 i 4-24 I 120 
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rillage. 


TABLE 161. — Continued, 
Standard Column Footings, 
Single Tier Grillage. 
American Bridge Company. 



Minimum 

Column. 


Footing 

Number. 



Pressure 600 Pounds. 




Ft. In. Lb. 


22 24 8 3-10 I 30 

22 24 81 3-10 I 30 

22 24 81 3“I2 I 40.8 

22 24 81 3-12 I 45 

22 24 8 3-15 I 50 

26 30 10 3-15 I 50 

26 30 10 3-15 I 55 

26 30 9I 3-18 I 65 


1- lli 

2- 1 i 
2-0 

2-oi I 6.38 I 6i 


2-2 1 6.46 61 40 

2-2! 6.31 61 40 

2-61 6.46 61 40 

2-61 6.55 61 40 




7J 4-15 I 50 
81 4-15 I 60.8 

9 4-15 I 60.8 

9i 4-18 1 65 

93 4-18 I 70 

9i 4-20 I 85 
4-18 I 85 
4-18 I 85 


4-20 I 90 6-8 
4-20 I 95 7-0 
4-24 1 100 7-5 
4-24 I 100 


5-5 

5- II 

6 - 4 
6-6 

2 351 

2 626 

3 097 

3 334 

6 - 5 
6-10 

7 - 0 

7-5 

3 980 

4 265 

4 627 

5 141 

7-10 
7 - 1 1 

5 897 

6 227 

5-3 

s-s 

5 -^ 

S -7 

2 2 II 

2 702 

3 021 

3 352 


3 588 

4 079 

4 342 

4 933 

■ 
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Four Beam GriUage. Three Beam GriUage. 


TABLE 161. — Continued . 
Standard Column Footings. 

Single Tier Grillage. 
American Bridge Company. 



4 

908 

5 

685 

s 

933 

6 

754 

7 

066 

7 

436. 

7 

946 

8 

162 












































































Four Beam 


T ABLE 161 Continued. 

Standard Column Footings. 

Single Tier Grillage. 
American Bridge Company. 
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Four Beam Grillage. Three Beam Grillage. . 


TABLE 16 \.— Continued. 

Standard Column Footings. 

Single Tier Grillage. 
American Bridge Company. 





Pressure 750 Pounds. 


3-12 I 45 
3-12 I 50 
3->5 1 65 
3-iS 1 75 



3-18 

I 

70 

3-18 

I 

70 

3-18 

1 

90 

3-20 

I 

100 

3-20 

I 

100 

3~20 

I 

100 

3-20 

I 

100 

3-20 

I 

100 

3-20 

I 

95 

3-24 

I 

120 

4-12 

I 

45 

4-12 

I 

45 

4-12 

I 

45 

4-1 5 

I 

55 


4-18 I 90 
4-20 I 95 
4“20 I 100 
4-20 I 100 




L 


Ft. In. 

Lb. 

3-4 

3- II 

4- 4 

4-10 

919 

I 077 

I 312 

I 536 

4-6 

4- 1 1 

5- 2 

5-8 

1 852 

2 008 

2 349 

2 653 




100 

6-6 

100 

6-4 

90 

6-2 

100 

6-6 



























































































TABLE 161 . — Continued , 
Standard Column Footings, 
Double Tier Grillage, 
American Bridge Company. 


hfr - w- -V, 





Pressure soo PouiuJs. 


I'pper Beams. 


Lower Beams. 


5 S 8 

90o|i4il 141 559 
I ooo 5510 



3 *50 jjl ,4 

3 soo **’ ** 





3 - 7 i 5-29 

3-8 5.84 

3-11 6.43 

3-1 I 6.98 


3-8 6.04 6 

3-8 6.07 6 

3-10 6.09 6 
3-10 6.12 6 


3- 

-12 

I 

ss 

3- 

-12 

I 

55 

3- 

-12 

I 

55 

4- 

"IS 

I 

55 

4' 

15 

I 

55 

4- 

-15 

I 

55 

4- 

-18 

I 

70 

4- 

-18 

1 

70 

4- 

-18 

I 

70 

4- 

-18 

I 

70 

4- 

-18 

I 

70 

4- 

-20 

I 

100 

4- 

-20 

I 

100 

4- 

-20 

I 

100 

4- 

-20 

I 

100 

4- 

-20 

I 

100 

4- 

-20 

I 

100 

4“ 

-20 

I 

100 

4“ 

-20 

1 

100 

5- 

-20 

I 

100 

S ' 

-20 

I 

100 

S ' 

-20 

I 

100 

S ' 

-20 

I 

100 

S ' 

-20 

I 

100 

S ' 

-20 

I 

100 








7 - 

■ 8 

I 

20.5 

6-10 

I 

30 

6- 

*12 

I 

35 

7 - 

10 

I 

30 

7 - 

10 

I 

30 

7- 

12 

I 

35 

7 - 

12 

I 

00 

d 

7 - 

12 

I 

35 

7- 

12 

I 

40.8 

8- 

12 

I 

40.8 

7 - 

15 

I 

50 

7 - 

IS 

I 

so 

7 " 

15 

I 

55 

7- 

18 

I 

60 

7 - 

18 

I 

60 

7 - 

18 

I 

65 

7- 

18 

I 

65 

7 - 

20 

1 

75 

7 - 

20 

I 

75 

8- 

18 

I 

60 

8- 

18 

I 

60 

7 - 

20 

I 

75 

8- 

20 

I 

75 

7 - 

-20 

I 

90 

7 - 

‘24 

I 

100 
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8-4 
8-1 1 



























































TABLE 161 . — Continued, 
Standard Column Footings. 

Double Tier Grillage. 
American Bridge Company. 


n fi n 




IFITHT 


Pressure 600 Pounds. 


Upper Beams. 


noo 

» mo 

1500 

» 2500 

2700 

» 3000 

3250 

- 3750 

1 4000 



I 

Soo 

I 

600 

I 

700 

* 

800 

1 

900 

2 

000 

2 

ICXD 

2 

200 

2 

300 

2 

400 

1 2 

500 

2 

600 

2 

700 

2 

800 

2 

900 

3 

000 

3 

250 

3 

SOO 


I-II 2.88 

1- II 2.83 

2- 1 2.99 


3-^ 6.98 


3- -9 718 

4 - 0 7-45 


3-12 I 55 
3-12 I 55 
3-12 I 55 


4-20 I ICX> 
4-20 I ICXD 
4-20 I ICO 

4-20 I 100 


4-20 1 100 5-10 
4-20 I 100 5-10 
4-20 I 100 5-10 
4-20 1 100 5-10 


5-20 I 100 
5-20 I 100 
5-20 I 100 
5-20 I 100 


48 44 5-20 I 100 6-2 
48 44 5-20 I 100 6-2 


7 - 

8 

I 

20.5 

7 - 

8 

I 

20.5 

6-10 

I 

30 

8 - 

8 

I 

20.5 

8 - 

8 

I 

20.5 

7 - 

10 

I 

30 

7 “ 

10 

I 

30 

9 “ 

8 

I 

20.5 

8 - 

10 

I 

30 

7 - 

12 

I 

40.8 

7- 

12 

I 

40.8 

8- 

12 

I 

35 

8 - 

12 

I 

40.8 

7- 

15 

I 

50 

7 - 

15 

I 

50 

8- 

15 

I 

50 

8- 

IS 

I 

SO 

8- 

IS 

I 

so 

7- 

18 

I 

6S 

8- 

15 

I 

SO 

8- 

IS 

I 

SO 

8- 

18 

I 

60 

8- 

18 

I 

60 

8- 

■18 

I 

60 

7 - 

■20 

I 

7 S 


3 

367 

3 

f>25 

4 

063 

4 

443 

4 

678 

S 

019 

5 

287 

S 

565 

5 

989 

6 

333 

6 

903 

7 

390 

7 

709 

7 

oc 

00 

8 

460 

8 

612 

[10 

295 

II 

39S 

12 

71S 


/ill 
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TABLE 161 . — Continued, 

Standard Column Footings. 

Double Tier Grillage. 
American Bridge Company. 




pressure 750 Pounds. 


I 

lOD 

I 

200 

I 

300 

I 

400 

I 

500 

1 

600 

I 

700 

I 

800 

I 

900 

2 

000 

2 

100 

2 

200 

2 

300 

2 

400 

2 

500 

2 

600 

2 

700 

2 

800 

2 

900 

3 

000 

3 

250 

3 

500 






Upper Beams. 


Lower Beams. 







i-c 6.04 6 

3-5 6.07 6 

3-5 6.09 6 

3-5 6.12 6 



22 4-15 I 75 

23 4 -«S I 75 

24 4-1S I 75 

25 4-15 I 75 

27 4-15 I 75 
29 4-15 I 75 
4-15 I 75 
4-15 I 75 


4-20 I 100 
35 4-20 I 100 
37 4-20 I 100 
39 4-20 I 100 


5~20 I 100 
5-20 I 100 
5-20 I 100 
5-20 I 100 


44 5-20 I 100 
44 5-20 I 100 





7- 8 

I 

20.5 

7- 8 

I 

20.5 

6-10 

I 

30 

6-10 

1 

35 

7-10 

I 

30 

7-10 

I 

35 

6-12 

I 

45 

6-12 

I 

50 

6-12 

I 

45 

6-12 

I 

45 

6-is 

I 

55 

6-is 

I 

55 

7 -iS 

1 

55 

7-1 5 

I 

55 

7-15 

I 

65 

7-15 

I 

65 

7-15 

I 

50 

7-15 

1 

55 

8-15 

I 

50 

8-15 

I 

55 












283 






































































TABLE 162 . 

Constant Dimension Columns. 
American Bridge Company. 


^ n 

' ^ ' 


/-I- iH’ 


3 t... 



When specifying these columns, give either the 
Section Number and weight per foot, thus: lo AB 117, 
or the Index Number thus: INDEX 1015. 


Rivets H'* 


Weight Index tvjHth 
ion per Num- 
Num- pt. ber. ^ 
her. 



* Maximum Column for Framed Connections. 

Note , — For details of ''Constant Dimension Columns/' see Tables 163 to 171. For discus- 
sion of "Constant Dimension Columns/' see page 118, Part I. 
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TABLE 162. — Continued, 
Constant Dimension Columns. 
American Bridge Company. 
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TABLE 162. — Continued. 
Constant Dimension Columns. 
. American Bridge Company. 



- w- 



When «pecifyln£ these columns, give either the 
Section Number and weight per foot, thus: 14 AB las, 
or the Index Number thus: INDEX 14 1 5 * 


Rivets K" 


Weight 

per 

Ft. 

Index 

Num- 

ber. 

Lb. 





























































av 


TABLE \62. ^Continued, 
Constant Dimension Columns. 
American Bridge Company. 



* Maximum Column for Framed Connections. 

VSt 















































TABLE 162.— Co»/tn«e(i. 
Constant Dimension Columns. 
American Bridge Company. 


















TABLE 162. — Continued. 
Constant Dimension Columns. 
American Bridge Company. 



^-Maximum Column for Framed Connections. 


66 
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TABLE 162 .— Conitnu^rf. 
Constant Dimension Columns, 
American Bridge Company. 




/8V 



When specifying these columns, give either the 
Section Number and weight per foot, thus: i8 AB 376, 
or the Index Number thus: INDEX 1837. 


Weight Index 

hi™ per Num- Width 

K. her. Web 

PUte. 




8 X 6 X J 


Properties. 

Axis 

i-i. 

Axis 

3-3. 

Sec. 

Mod. 

S 

Rad. 

Gyr. 

r 

Sec. 

Mod. 

5 

Rad. 

Gyr. 

r 


87.0 527 

89.3 540 

9I-S SS3 
93.8 565 



i 104.3 
A 106.5 
I 108.8 

H 1 1 1.0 


2) 138.8 769 

2A 141.0 777 

21 143.3 78s 

HSS 793 



336 4.68 

343 4-t9 

35° 4-70 

3S6 4-71 


363 471 

370 472 

377 4 73 

383 473 


' Maxiinum Column for Framed Connection*. 

200 





















































TABLE 162 . — ConUnued, 
Constant Dimension Columns, 
American Bridge Company. 





When specifying these columns, give either the 
Section Number and weight per foot, thus: i8 AB 286, 
or the Index Number thus: INDEX 1867. 


318 1871 
326 1872 
336 1873 

343 *874 


35 * 1875 
360 1876 
369 1877 
377 1878 





483 1891 
491 1892 
500 1893 
508 1894 

514 1895 
522 1896 
531 1897 
540 1898 



* Maximum Column for Framed Connections, 
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20 AB 


TABLE Continued, 

Constant Dimension Columns. 
American Bridge Company. 




i..c^ 



When specifying these columns, give either the 
Section Number and weight per foot, thus: 20 AB 357, 
or the Index Number thus: INDEX 2035- 


Weight 

Index 

per 

Nil m- 

Ft. 

bcr. 




2067 

2068 

2069 

2070 

2071 


* Maximum Column for Framed Connections. 

292 


il 121.8 
lU 124.3 
1 1 126.8 

1- i-l 129.3 

2 13 1. o 

2- Af 133 s 

21 136.0 

2 A 13^-5 

2^ 1 41.0 
2i’ff 143-5 
2I 146.0 
2 ^ i 4«-5 


876 

8.28 

326 

8(/5 

8.27 

335 

903 

8.25 

343 

916 

8.24 

35* 

929 

8.22 

360 

941 

8.20 

368 

952 

8.18 

37^ 

964 

8.16 

3«5 



2I 160.3 
2}^ 162.8 

zi 165-3 
2 11 167.8 




I 056 

7 99 

460 

I 066 

7-97 

468 

I 076 

7 . 9 s 

476 

1 085 

7.92 

485 

1 09 

4 

7-9 

0 

493 

I 10 

4 

7.8 

8 

SOI 

1 11 

5 

7.8 

7 

Sio 

I 12 

4 

7.8 

S 

518 

J -11 

1. 


3 

mfSi 

































TABLE "162. — Continued, 
Constant Diiiension Columns. 
American Bridge Company. 



* Maximum Column for Framed Connections. 
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TABLE 163. 

Constant Dimension Columns. 
American Bridge Company. 


15 Story Hotel 


Column 



BmL 16’ 622 
Sub.B 12' 689 


12 AS 62 


I2AB8I 


I2ABm 


I2ABI2I 


I2ABI52 


IZABIB2 


Rolled Steel Slab 


H Story Office Building 


Story 


Column 




■BH I 



53 

MAB37 

104 

155 

I4AB5I 

204 

255 

I4AB77 

300 

347 

I4AB99 

398 

437 

I4ABI25 

480 

522 

I4ABI43 

564 

606 

I4AB/69 

645 

690 

I4ABI93 

736 

792 

mAB2l3 


12 Story Apartment House 





Note . — ^For discusaion of Constant Dimension Columns/' see page ii8, Part L 
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TABLE 164. 

Gages for Constant Dimension Columns. 

Typical Gages; Interpolate for Intermediate Thicknesses. 
American Bridge Company, 


• B I 



c 1 ' 

^ k>K >f*-H 


Angles 




4x3 
5 X 3ji 
6x4 
6x4 


''"I-- 


'4: 



In establishing B and C when 
T is or oven h has been 
added to allow For packing. 


See note Table 163 . 


2Q6 








































TABLE 165. 

Gages and Limits for Constant Dimension Columns. 
Typical Gages; Interpolate for Intermediate Thicknesses. 
American Bridge Company. 



See note Table 163. 


206 
























Sections Change \^idth Sections 

Fsce Flush Centered Same Width 


TABLE 166 . 

Constant Dimension Columns, 
Standard Column Splices. 
American Bridge Company. 


Upper 

Section 


Column Angles 
Column Rivets 


Splice Plates A 
Bearing B 

yy C 

Sp/ice Angles 
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TABLE 167. 

Constant Dimension Columns. 
Standako Column Splices. 
American Bridge Company. 



298 









TABLE 168. 

Typical Details for Constant Dimension Columns. 
Connections to Interior Columns. 
American Bridge Company. 



299 













TABLE 169. 

Typical Details for Constant Dimension Columns. 
Connections to Interior Columns — Wind Bracing. 
American Bridge Company, 








TABLE 170. 

Typical Details for Constant Dimension Columns. 
Location of Wall Columns and Spandrel Beams. 
American Bridge Company. 









TABLE 171. 

Typical Details for Constant Dimension Columns. 
Location of Wall Columns, Wall Beams, and Wind Bracing. 
American Bridg:e Company. 






TABLE 172 

Decimal Parts of a Foot and Inch 


Decimal Parts of a Foot 

Decimal Parts 

of an Inch 

Ins. o" i" 2" 3" 4" 5" 6" 7" S" p" /o" JX" 


.0 .0833 .1667 .2500 .3333 .4167 .5000 

^ .0026 .0859 .1693 .2526 .3359 .4193 .5026 

•ft .005* .0885 .1719 .2552 .3385 .4219 .5052 
A .0078 .0911 .174s .2578 .3411 .4245 .3078 

i .0104 .0938 .1771 .2604 .3438 .4271 .5104 

■fj .0130 .0964 .1797 .2630 .3464 .4297 .5130 

A .0156 .0990 .1823 .2656 .3490 .4323 .3156 

jV .0182 .1016 .1849 .2682 .3316 .4349 .3182 

i .0208 ,1042 .1873 .2708 .3342 .4373 .3208 

.0234 .1068 .1901 .2734 .3368 .4401 .3234 

A .0260 .1094 .1927 .2760 .3394 .4427 .3260 

H -0286 .1120 .1933 .2786 .3620 .4433 .3286 

I .0313 .1146 .1979 .2813 .3646 .4479 .3313 

H .0339 .1172 .2003 .2839 .3672 .4503 .3339 

A .0363 .1198 .2031 .2863 .3698 .4331 .3363 

.0391 - 1*24 -2057 -2891 .3724 .4337 .3391 

§ .0417 .1230 .2083 .2917 .3730 .4383 .3417 

H 0443 .1276 .2109 .2943 .3776 .4609 -3443 

A .0469 .1302 .2133 .2969 .3802 .4633 .3469 

tt '0495 -1328 .2161 .2993 .3828 .4661 .3493 

t .0321 .1334 .2188 .3021 .3834 .4688 .3321 

fi .0347 .1380 .2214 .3047 .3880 .4714 .3347 

H .0373 -1406 .2240 .3073 .3906 .4740 .5373 

a .0399 .1432 .2266 .3099 .3932 .4766 .5599 

} .0623 .1458 .2292 .3123 .3958 .4792 .3625 

fj .0631 .1484 .2318 .3151 .3984 .4818 .5651 
H .0677 .1510 .2344 .3177 .4010 .4844 .3677 

H .0703 .1536 .2370 .3203 .4036 .4870 .3703 

i .0729 .1363 .2396 .3229 .4063 .4896 .3729 

H -0755 -1589 -H** -3255 -4089 -4922 -3753 

H <0781 .1615 .2448 .3281 .4113 .4948 .3781 

H .0807 .1641 .2474 .3307 .4141 .4974 3807 


.5833 .6667 .7300 .8333 .9167 

.3839 .6693 .7526 .8359 .9193 ^ .0313 

.5885 .6719 .7552 .8385 .9219 if .0623 

.5911 .6745 .7578 .8411 .9245 .0938 

.5938 .6771 .7604 .8438 .9271 i .123 

.5964 .6797 .7630 .8464 .9297 A .1363 

.5990 .6823 .7656 .8490 .9323 A -1873 

.6016 .6849 .7682 .8516 .9349 A -2188 

.6042 .6875 -7708 .8542 .9373 i .25 

.6068 .6901 .7734 .8568 .9401 A .2813 

.6094 .6927 .7760 .8594 .9427 A .3125 

.6120 .6953 .7786 .8620 .9453 H *3438 

.6146 .6979 .7813 .8646 .9479 I .373 

.6172 .7005 .7839 .8672 .9505 M -4063 

.6198.7031 .7865.8698.9531 A -4373 

.6224 .7057 .7891 .8724 .9557 H 4688 

.6250 .7083 .7917 .8750 .9583 i -3 

.6276 .7109 .7943 .8776 .9609 H -3313 

.6302 .7135 .7969 .8802 .9633 A -3623 

.6328 .7161 .7995 .8828 .9661 H 4938 

.6354 .7188 .8021 .8854 .9688 i .625 

.6380 .7214 .8047 .8S80 .9714 li .6563 

.6406 .7240 .8073 .8906 .9740 -6875 

.6432 .7266 .8099 .8932 .9766 ff .7188 

.6458 .7292 .8123 .8958 .9792 J .73 

.6484 .7318 .8151 -8984 .9818 ii .7813 

.6510 .7344 .8177 .9010 .9844 H .8123 

.6336 .7370 .8203 .9036 .9870 JJ .8438 

•6563 -7396 .8229 .9063 .9896 i .875 

.6589 .7422 .8235 .9089 .9922 H .9063 

.6613 .7448 .8281 .9113 .9948 H -9373 

.6641 .7474 .8307 .9141 .9974 H 9688 




TABLE 173 
TABLE OF BEVELS 
American Bridge Company Standards 



804 





TABLE 174 

ORDINATES FOR i6'-o" CHORDS 
American Bridge Company Standards 



67 


605 













10' IS' ao' 55' 


29 .0044 
04 .0218 
78 .0393 
0568 
0743 




.0904 .0919 
• loSo .1095 
.1257 .1272 

.1435 -1450 

.1614 .1629 


1763 

.1778 

•1793 

.1808 

.1823 

.1838 

1944 

.1959 

•1974 

.1989 

.2004 

.2019 

2126 

.21^1 

.2I36 

.2171 

.2186 

.2202 

2309 

.2324 

•2339 

•2355 

.2370 

.2385 

2493 

.2509 

.2524 

.2540 

•2555 

•257* 


T 5 

.2679 

.2695 

.2711 

.2726 

.2742 

.2758 

16 

.2867 

.2883 

.2899 

.2915 

•2931 

.2946 

n 

•3057 

•3073 

.3089 

•3*05 

.3121 

•3*37 

18 

•3249 

•3265 

.3281 

.3298 

•33*4 

•3330 

IQ 

•3443 

.3460 

.3476 

.3492 

.3508 

•3525 



20 

.3640 

.3656 

•3673 

.3689 

.3706 

•3722 

21 

.3839 

•385s 

.3872 

.3889 

.3906 

.3922 

22 

.4040 

.4057 

.4074 

.4091 

.4108 

•4*25 

23 

•4245 

.4262 

.4279 

.4296 

•43*4 

•433* 

24 

.4452 

.4470 

.4487 

•4505 

.4522 

.4540 



•3739 

•3755 

•3772 

.3789 

.3805 

.3822 

•3839 

20 

•3939 

•3956 

•3973 

•3990 

.4006 

.4023 

.4040 

21 

.4142 

•4*59 

.4176 

•4*93 

.4210 

.4228 

•4245 

22 

.4348 

•4365 

•4383 

.44cx> 

•44*7 

•4435 

•4452 

23 

•4557 

•4575 

•4592 

.4610 

.4628 

.46,5 

.4663 

24 


25 

.4663 

.4681 

.4699 

•47*6 

•4734 

•47S2 

26 

.4877 

.4895 

•49*3 

•493* 

•4950 

.4968 

27 

•509s 

.5114 

•5*32 

.5150 

.5*69 

.5187 

28 

•53*7 

•5336 

•5354 

•5373 

•5392 

•541 1 

29 

•5543 

.5562 

•5581 

.5600 

.5619 

.5639 




.5890 

.5910 

•5930 

•5949 

•5969 

•3989 

.6009 

30 

.6128 

.6148 

.6168 

.6188 

.6208 

.6228 

.6249 

31 

.6371 

.6391 

.6412 

.6432 

.6453 

.6473 

.6494 

32 

.6619 

.6640 

.6661 

.6682 

.6703 

.6724 

•67^5 

33 

.6873 

.6894 

1 .6916 

•6937 

.6959 

.6980 

.7002 

1 34 






•7*77 

•7199 

•7221 

•7*43 

.7265 

35 

•7445 

.7467 

•7490 

•7513 

•7536 


•7720 

•7743 

.7766 

•7789 

•7813 

37 

.8002 

.8026 

.8050 

.8074 

.8098 

3S 

.8292 

•8317 

.8342 

.8366 

.8391 

39 


.9190 .9217 

•95*7 -9545 
.9856 .9884 


2 S' 30' 






it 
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TABLE 176 

Squares, Cubes, Square Roots and Cube Roots of Numbers from i to 99. 



41 

1681 

42 

1764 

43 

1849 

44 

1936 

45 

2025 

46 

2116 

47 

2209 

48 

2304 

49 

2401 
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TABLE 176. — Continued, 

Squares, Cubes, Square Roots and Cube Roots of Numbers from loo to 199. 


No. 

Square. 

Cube. 

Sq. Root. 

Cu. Root. 

100 

lOOOO 

lOOOOOO 

10.0000 

4.6416 

lOl 

10201 

I03030I 

10.0499 

4.6570 

102 

10404 

1061208 

10.099s 

4.6723 

103 

10609 

1092727 

10.1489 

4.687s 

104 

10816 

1 1 24864 

10.1980 

4.7027 

105 

11025 

1157625 

10.2470 

4-7177 

106 

11236 

1191016 

10.2956 

4 - 73*6 

107 

1 1449 

122^04.3 

10.3441 

4-7475 

108 

11664 

1 2597 1 2 

10.3923 

4.7622 

109 

II881 

1295029 

10.4403 

4.7769 

no 

I 2 IOO 

I33IOOO 

10.4881 

4-7914 

III 

I232I 

1367631 

10.5357 

4 - 8 os 9 

112 

12544 

1404928 

10.5830 

4.8203 


12769 

1442897 

10.6301 

4.8346 

1 14 

12996 

1481544 

10.6771 

4.8488 

IIS 

13225 

1520875 

10.7238 

4.8629 

116 

13456 

1560896 

10.7703 

4.8770 

II7 

I'?68q 

1601613 

10.8167 

4.8910 

118 

13924 

1643032 

10.8628 

4.9049 

1 19 

14161 

1685159 

10.9087 

4.9187 

120 

14400 

1728000 

10.9545 

4.9324 

I 2 I 

14641 

1771561 

1 1. 0000 

4.9461 

122 

14884 

1815848 

11.0454 

4-9597 

123 

15 129 

1860867 

11.0905 

4-9732 

124 

>5376 

1906624 

III 35 S 

4.9866 

125 

15625 

I953125 

1 1.1803 

5.0000 

126 

15876 

2000376 

11.2250 

5.0133 

127 

16129 

2048383 

11.2694 

5.0265 

128 

16384 

2097152 

11-3137 

5-0397 

129 

16641 

2146689 

11-3578 

5.0528 

130 

16900 

2197000 

11.4018 

5.0658 

I3I 

17161 

2248091 

11-4455 

5-0788 

132 

17424 

2299968 

11.4891 

5.0916 

133 

17689 

2352637 

11.5326 

5 1045 

134 

17956 

2406104 

11.5758 

5. 1172 

13s 

18225 

2460375 

11.6190 

5.1299 

136 

18496 

2515456 

11.6619 

5.1426 

137 

18769 

*571353 

11.7047 

5-1551 

138 

19044 

2628072 

11-7473 

5.1676 

139 

19321 

2685619 

11.7898 

5.1801 

140 

19600 

2744000 

11.8322 

5.1925 

I4I 

19881 

2803221 

11.8743 

5.2048 

142 

20164 

2863288 

11.9164 

5.2171 

143 

20449 

2924207 

11.9583 

5.2293 

144 

20736 

2985984 

12.0000 

5.2415 

145 

21025 

3048625 

12.0416 

S-2536 

146 

21316 

3112136 

12.0830 

5.2656 

147 

21609 

3176523 

12.1244 

5.2776 

148 

21904 

3241792 

12.1655 

5.2896 

149 

22201 

3307949 

12.2066 

5.3015 
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TABLE 176. — Continued » 

Squares, Cubes, Square Roots and Cube Roots of Numbers from 200 to 299. 


No. 

Square. 

Cube. 

Sq. Root. 

Cu. Root. 

No. 

Square. 

Cube. 

Sq. Root. 

Cu. Root. 

200 

40000 

8000000 

14.1421 

5.8480 

250 

62500 

15625000 

15.8114 

6.2996 

201 

40401 

8120601 

1 4- 1 774 

5.8578 

251 

63001 

15813251 

*5.8430 

6.3080 

202 

40804 

8242408 

14.2127 

5.8675 

252 

63504 

16003008 

*5.8745 

6.J164 

203 

41209 

8365427 

*4.2478 

5-877* 

253 

64009 

*6*94277 

15.9060 

6.3247 

204 

41616 

8489664 

14.2829 

5.8868 

254 

64516 

16387064 

15-9374 

6.3330 

205 

42025 

8615125 

*4.3*78 

5.8964 

255 

65025 

*6581375 

15.9687 

6-34*3 

206 

42436 

8741816 

14-3527 

5-9059 

256 

65536 

16777216 

16.0000 

6.3496 

207 

42849 

8869743 

*4-3875 

5-9155 

257 

66049 

*6974593 

16.0312 

6.3579 

208 

43264 

8998912 

14.4222 

5-9250 

258 

66564 

17173512 

16.0624 

6.3661 

209 

43681 

9129329 

14.4568 

5-9345 

259 

67081 

17373979 

*6.0935 

6.3743 

210 

44100 

9261000 

14.4914 

5-9439 

260 

67600 

17576000 

16.1245 

6.3825 

211 

445 2 1 

9393931 

*4.5258 

5-9533 

261 

68121 

1777958* 

*6.1555 

6.3907 

212 

44944 

9528128 

14.5602 

5.9627 

262 

68644 

17984728 

16.1864 

6.3988 

213 

4S369 

9663597 

14.5945 

5-9721 

263 

691^ 

*8191447 

16.2173 

6.4070 

214 

45796 

9800344 

14.6287 

5.9814 

264 

69696 

*8399744 

16.2481 

6.4*51 

2IS 

46225 

9938375 

14.6629 

5-9907 

265 

70225 

18609625 

16.2788 

6.4232 

216 

46656 

10077696 

1 4.6969 

6.0000 

266 

70756 

18821096 

*6.3095 

6.4312 

217 

47089 

10218^1'^ 

14.7309 

6.0092 

267 

71289 

*9034*63 

16.3401 

6-4393 

2I8 

47524 

10360232 

14.7648 

6.0185 

268 

7*824 

19248832 

*6.3707 

6-4473 

219 

47961 

10503459 

14.7986 

6.0277 

269 

72361 

19465109 

16.4012 

6-4553 

220 

48400 

10648000 

*4.8324 

6.0368 

270 

72900 

19683000 

16.4317 

6.4633 

221 

48841 

10793861 

14.8661 

6.0459 

271 

73441 

1990251 I 

16.4621 

6.47*3 

222 

49284 

10941048 

*4.8997 

6.0550 

272 

73984 

20123648 

16.4924 

6.4792 

223 

49729 

1 1089567 

14.9332 

6.0641 

273 

74529 

203464*7 

16.5227 

6.4872 

224 

50176 

1 1239424 

14.9666 

6.0732 

274 

75076 

20570824 

16.5529 j 

6.4951 

225 

50625 

11390625 

15.0000 

6.0822 

275 

75625 

20796875 

16.5831 

6.5030 

226 

51076 

11543176 

15-0333 

6.0912 

276 

76176 

21024576 ! 

16.6132 

6.5108 

227 

51529 

11697083 

15,0665 

6.1002 

277 

76729 

21253933 

16.6433 1 

6.5*87 

228 

51984 

11852352 

150997 

6,1091 

278 

77284 

21484952 

16.6733 

6.5265 

229 

52441 

1 2008989 

15.1327 

6.1 180 

279 

7784* 

217*7639 

16.7033 

6-5343 

230 

52900 

12167000 

15.1658 

6.1269 

280 

78400 

21952000 

16.7332 i 

6.542* 

231 

53361 

12326391 

15-^987 

6.1358 

281 

78^1 

22188041 

16.7631 

6-5499 

232 

53824 

12487168 

15-2315 

6.1446 

282 

79524 

22425768 

16.7929 

^5577 

233 

54289 

12649337 

15.2643 

6*534 

283 

80089 

22^5 187 

16.8226 

6.5654 

234 

54756 

12812904 

15.2971 

6.1622 

284 

80656 

22906304 

16.8523 

6.573* 

235 

55225 

12977875 

15.3297 

6.1710 

285 

81225 

23149125 

16.8819 

6.5808 

236 

55696 

13144256 

15.3623 

6.1797 

286 

81796 

23393656 

16.9115 

6.5885 

237 

56169 

133*2053 

15.3948 

6.1885 

287 

82369 

23639903 

16.9411 

6.5962 

238 

56644 

13481272 

15.4272 

6.1972 

288 

82944 

23887872 

16.9706 

6.6039 

239 

57121 

13651919 

15.4596 

6.2058 

289 

8352* 

24*37569 

17.0000 

6.6115 

240 

57600 

13824000 

15-4919 

6.2145 

290 

84100 

24389000 

17.0294 

6.6191 

241 

58081 

*3997521 

15.5242 

6.2231 

291 

84681 

24642171 

17.0587 

6.6267 

242 

58564 

14172488 

15-5563 1 

6.2317 

292 

85264 

24897088 

17.0880 

6.6343 

243 

59049 

14348907 

15.5885 

6.2403 

293 

85849 

25153757 

17.1172 

6.6419 

244 

59536 

14526784 

15.6205 

6.2488 

294 

86436 

25412184 

*7.1464 

6.6494 

245 

60025 

14706125 

15.6525 

6.2573 

295 

87025 

25672375 

*7.1756 

6.6569 

246 

60516 

14886936 

15.6844 

6.2658 

296 

87616 

25934336 

*7-2047 

6.6644 

247 

61009 

15069223 

15.7162 

6.2743 

297 

88209 

26198073 

17-2337 

6.6719 

248 

61504 

*5252992 

15.7480 

6.2828 

298 

88804 

26463592 

17.2627 

6.6794 

249 

62001 

*5438249 

15-7797 

6.2912 

299 

89401 

26730899 

17.2916 

6.6869 







TABLE 176. — Continued, 

Squares, Cubes, Square Roots and Cube Roots op Numbers from 300 to 399. 

No. Square. Cube. Sq. Root. Cu. Root. No. Square. Cube. Sq. Root. Cu. Root. 

300 90000 27900000 17.3205 6.6943 3SO 122500 42875000 18.7083 7.0473 

301 90601 27270901 17-3494 6.7018 351 123201 43243551 18.7350 7.0540 

302» 91204 27543608 17.3781 6.7092 352 123904 43614208 18.7617 7.0607 

303 91809 27818127 17.4069 6.7166 353 124609 43986977 18.7883 7.0674 

304 92416 28094464 17.4356 6.7240 354 125316 44361864 18.8149 7.0740 

305 93025 28372625 17.4642 6.7313 355 126025 44738875 18.8414 7.0807 

306 93636 28652616 17.4929 6.7387 356 126736 45118016 18.8680 7.0873 

307 94249 28934443 17-5214 6.7460 357 127449 45499293 18.8944 7.0940 

308 94864 29218112 17.5499 6.7533 358 128164 45882712 18.9209 7.1006 

309 95481 29503629 17.5784 6.7606 359 128881 46268279 18.9473 7.1072 

310 96100 29791000 17.6068 6.7679 360 129600 46656000 18.9737 7.1138 

311 ^721 30080231 17.6352 6.7752 361 130321 47045881 19.0000 7.1204 

31^ 9734+ 30371328 17.6635 6.7824 362 131044 47437928 19.0263 7.1269 

313 97969 30664297 17.6918 6.7897 363 1317^ 47832147 190526 7.133s 

314 98596 30959144 17.7200 6.7969 364 132496 48228544 19.0788 7.1400 

315 99225 31255875 17.7482 6.8041 365 133225 48627125 19.1050 7.1466 

316 99856 31554496 17.7764 6.8113 366 133956 49027896 19.1311 7.1531 

317 100489 31855013 17.8045 6.8185 367 134689 49430863 19.1572 7.1596 

318 101124 32157432 17.8326 6.8256 368 135424 49836032 19.1833 7.1661 

319 101761 32461759 17.8606 6.8328 369 136161 50243409 19.2094 7.1726 


320 102400 32768000 17.8885 6.8399 370 136900 50653000 19.2354 7.1791 

321 103041 33076161 17.9165 6.8470 371 137641 51064811 19.2614 7.1855 

322 103684 33386248 17.9444 6.8541 372 138384 51478848 19.2873 7.1920 

323 10^329 33698267 17.9722 6.8612 373 139129 51895117 19.3132 7.1984 

324 104976 34012224 18.0000 6.8683 374 139876 52313624 19.3^91 7.2048 

32s 105625 34328125 18.0278 6.8753 375 140625 52734375 19.3649 7.2112 

326 10^276 34645976 18.0555 6.8824 376 141376 53157376 19.3907 7.2177 

327 106929 34965783 18.0831 6.8894 377 142129 53582633 19.4165 7.2240 

328 107584 35287552 18.1108 6.8964 378 142884 54010152 19.4422 7.2304 

329 108241 35611289 18.1384 6.9034 379 143641 54439939 194679 7.2368 

330 108900 35937000 18.1659 6.9104 380 144400 54872000 19.4936 7.2432 

331 109561 36264691 18.1934 6.9174 381 145161 55306341 19.5192 7.2495 

332 110224 36594363 18.2209 6.9244 382 145924' 55742968 19.5448 7.2558 

333 110889 36926037 18.2483 6.9313 383 146689 56181887 19.5704 7.2622 

334 111556 37259704 18.2757 6.9382 384 147456 56623104 19.5959 7.2685 

335 I1222S 37595375 18.3030 6.9451 385 148225 57066625 19.6214 7.2748 

336 112896 37933056 18.3303 6.9521 386 148996 57512456 19.6469 7.2811 

337 113569 38272753 18.3576 6.9589 387 149769 57960603 19.6723 7.2874 

338 114244 38614472 18.3848 6.9658 388 150544 58411072 19.6977 7.2936 

339 114921 38958219 18.4120 6.9727 389 151321 58863869 19.7231 7.2999 


340 115600 39304000 18.4391 6.9705 390 152100 59319000 19.7484 7.3061 

341 116281 39651821 18.1662 6.9864 391 152881 59776471 19.7737 7.3124 

342 116964 40001688 18.4932 6.9932 392 153664 60236288 19.7990 7.3186 

343 117649 40353607 18.5203 7.0000 393 154449 60698457 19.8242 7.3248 

344 118336 40707584 18.5472 7.0068 394 155236 61162984 19.8494 7.3310 

345 119025 41063625 18.5742 7.0136 395 156025 61629875 19.8746 7.3372 

346 119716 41421736 18.6011 7.0203 396 156816 62099136 19.8997 7.3434 

347 120409 41781923 18.6279 7.0271 397 157609 62570773 19.9249 7.3490 

348 121104 42144192 18.6548 7.0338 398 158404 63044792 19.9499 7.3558 

349 121801 42508549 18.6815 7.0406 399 159201 63521199 19.9750 7.3619 
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TABLE 176 . — Continued. 

Squares, Cubes, Square Roots and Cube Roots of Numbers from 400 to 499. 


No. 

Square. 

Cube. 

Sq. Root. 

Cu. Root. 

No. 

Square. 

Cube. 

Sq. Root. 

Cu. Root. 

400 

160000 

64000000 

20.0000 

7.3681 

450 

202500 

911250OO 

21.2132 

7.6631 

401 

I 6080 I 

64481201 

20.0250 

7-3742 

45 * 

203401 

91733851 

21.2368 

7.6688 

402 

161604 

64964808 

20.0499 

7.3803 

452 

204304 

92345408 

21.2603 


403 

162409 

65450827 

20.0749 

7.3864 

453 

205209 

92959677 

21.2838 

7,6m 

404 

163216 

65939264 

20.0998 

7-3925 

454 

206116 

93576664 

21.3073 

7-6857 

405 

164025 

66430125 

20.1246 

7.3986 

455 

207025 

94196375 

21.3307 

7.6914 

406 

164836 

66923416 

20.1494 

7-4047 

456 

207936 

94818816 

21.3542 

7.6970 

407 

165649 

67419143 

20.1742 

7.4108 

457 

208849 

95443993 

21.3776 

7.7026 

408 

166464 

67917312 

20.1990 

7.4169 

458 

209764 

96071912 

21.4009 

7.7082 

409 

167281 

68417929 

20.2237 

7-4229 

459 

210681 

96702579 

21.4243 

7-7138 

410 

1681OO 

68921000 

20.2485 

7.4290 

460 

211600 

97336000 

21.4476 

7-7194 

411 

168921 

69426531 

20.2731 

7-4350 

461 

212521 

97972181 

21.4709 

7.7250 

412 

169744 

69934528 

20.2978 

7.4410 

462 

213444 

98611128 

21.4942 

7.7306 

413 

170569 

70444997 

20.3224 

7-4470 

463 

214369 

99252847 

21.5174 

7.7362 

414 

171396 

70957944 

20.3470 

74530 

464 

215296 

99897344 

21.5407 

7.7418 

415 

172225 

71473375 

20.3715 

7 - 4 S 90 

465 

216225 

100544625 

21.5639 

7-7473 

416 

173056 

71991296 

20.3961 

7.4650 

466 

217156 

101194696 

21.5870 

7.7529 

417 

173889 

72511713 

20.4206 

7.4710 

467 

218089 

101847563 

21.6102 

7-7584 

418 

174724 

73034632 

20.4450 

7.4770 

468 

219024 

102503232 

21.6333 

7.7639 

419 

175561 

73560059 

20.4^5 

7.4829 

469 

219961 

103161709 

21.6564 

7-7695 

420 

176400 

74088000 

20.4939 

7.4889 

470 

220900 

103823000 

21.679s 

7-7750 

421 

177241 

74618461 

20.5183 

7.4948 

471 

221841 

104487111 

21.7025 

7-7805 

422 

178084 

75151448 

20.5426 

7.5007 

472 

222784 

105154048 

21.7256 

7.7860 

423 

178929 

75686967 

20.5670 

7.5067 

473 

223729 

105823817 

21.7486 

7-7915 

424 

179776 

76225024 

20.5913 

7.5126 

474 

224676 

106496424 

21.7715 

7.7970 

425 

180625 

76765625 

20.6155 

7.5185 

475 

225625 

107171875 

21.7945 

7.8025 

426 

181476 

7730S776 

20.6398 

7.5244* 

476 

226576 

107850176 

21.8174 

7-8079 

427 

182329 

77854483 

20.6640 j 

7-5302 

477 

227529 

108531333 

21.8403 

7.8134 

428 

183184 

78402752 

20.6882 

7-5361 

478 

228484 

109215352 

21.8632 

7.8188 

429 

184041 

78953589 

20.7123 

7.5420 

479 

229441 

109902239 

21.8861 

7 - 8*43 i 

430 

184900 

79507000 

20.7364 

7-5478 

480 

230400 

110592000 

21.9089 

7.8297 ; 

43 * 

185761 

80062991 

20.7605 

7-5537 

481 

231361 

111284641 

21.9317 

7-8354 

432 

186624 

80621568 

20.7846 

7-5595 

482 

232324 

1 1 1980168 

21-9545 

7.8406 

433 

187489 

81182737 

20.8087 

7-5654 

483 

233289 

112678587 

21.9773 

7.8460 

434 

188356 

81746504 

20.8327 

7-5712 

484 

234256 

113379904 

22.0000 

. 7-8514 

435 

189225 

82312875 

20.8567 

7-5770 

485 

235225 

114084125 

22,0227 

7.8568 1 

436 

190096 

82881856 

20.8806 

7.5828 

486 

236196 

114791256 

> 22.0454 

7.8622 

437 

190969 

83453453 

20.9045 

7.5886 

487 

237169 

1 15501303 

22.0681 

7.8676 

438 

191844 

84027672 

20.9284 

7-5944 

488 

238144 

116214272 

22.0907 

' 7-8730 

439 

I92721 

84604519 

20.9523 

7.6001 

489 

239121 

116930169 

► 22.1133 

7.8784 1 

! 

440 

193600 

85184000 

20.9762 

7.6059 

490 

240100 

11764900c 

> Z 2 .I 3 S 9 

1 

. 7-8837 i 

441 

194481 

85766121 

21.0000 

7.6117 

491 

241081 

118370771 

22.1585 

, 7.8891 1 

442 

195364 

86350888 

21.0238 

7.6174 

492 

242064 

119095488 

! 22.1811 

■ 7-8944 I 

443 

196249 

86938307 

21.0476 

7.6232 

493 

243049 

119823157 

* 22.2036 

7.8998 i 

444 

197136 

87528384 

21.0713 

7.6289 

494 

244036 

120553784 

. 22.2261 

7 - 995 * i 

445 

198025 

88121125 

21.0950 

7.6346 

495 

245025 

121287375 

; 22.2486 

7 - 9*95 

446 

198916 

88716536 

21.1187 

7.6403 

496 

246016 

122023936 

> 22.2711 

7 - 9 * 5 ? 1 

447 

199809 

89314623 

21.1424 

7.6460 

497 

247009 

122763473 

! 22.2935, 

^.9211 j 

448 

200704 

89915392 

21.1660 

7.6517 

498 

248004 

123505992 

^ 22.3459: 

- 7-9*64 

449 

201601 

90518849 

21.1896 

7-6574 

499 

249001 

I 2425 1499 

1 

7 - 93*7 i 
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TABLE 176. — Continued, 

Squares, Cubes, Square Roots and Cube Roots of Numbers from 500 to 599. 
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TABLE 176. — Continued. 


Squares, Cubes, Square Roots and Cube Roots of Numbers from 6oo to 699. 


No. 

Square. 

Cube. Sq. Root. 

Cu. Root. 

No. 

Square. 

Cube. Sq. Root. 

Cu. Root. 

600 

360000 

216000000 24.4949 

8.4343 

650 

422500 

274625000 25.4951 

8.6624 

601 

361201 

217081801 24.5153 

8.4390 

651 

423801 

275894451 255147 

8.6668 

602 

362404 

218167208 24.5357 

8-4437 

652 

425104 

277167808 25 5343 

8.6713 

603 

363609 

219256227 24.5561 

8.4484 

653 

426409 

278445077 25.5539 

8.6757 

604 

364816 

220348864 24.5764 

8.4530 

654 

427716 

279726264 25.5734 

8.6801 

605 

36^25 

221445125 24.5967 

8.4577 

65s 

429025 

281011375 25.5930 

8.6845 

606 

367236 

222545016 24.6171 

8.4623 

656 

430336 

282300416 25.6125 

8.6890 

607 

368449 

223648543 24.6374 

8.4670 

657 

431649 

^83593393 25.6320 

8.6934 

608 

369664 

224755712 24.6577 

8.4716 

658 

432964 

284890312 25.6515 

8.6978 

609 

370881 

225866529 24.6779 

8.4763 

659 

434281 

286191179 25.6710 

8 7022 

610 

372100 

226981000 24.6982 

8.4809 

660 

435600 

287496000 25 6905 

8.7066 

611 

373321 

228099131 24.7184 

8.4856 

661 

436921 

288804781 25.7099 

8 7110 

612 

374544 

229220928 24.7386 

8.4902 

662 

438244 

290117528 25.7294 

8.7154 

613 

375769 

230346397 24.7588 

8.4948 

663 

439569 

291434247 25.7488 

8.7198 

614 

376996 

23 H 75 .S-U 24.7790 

8.4994 

664 

440896 

292754944 25.7682 

8.7241 

615 

378225 

232608375 24.7992 

8.5040 

665 

442225 

294079625 25.7876 

8.7285 

616 

379456 

233744S96 24.8193 

8.5086 

666 

443556 

295408296 25.8070 

8.7329 

617 

380689 

234885113 24.8395 

8.5132 

667 

444889 

296740963 25.8263 

8-7373 

618 

381924 

236029032 24.8596 

8.5178 

668 

446224 

298077632 25.8457 

8.7416 

619 

383161 

237176659 24.8797 

8.5224 

669 

447561 

299418309 25.8650 

8.7460 

620 

384400 

238328000 24.8998 

8.5270 

670 

448900 

300763000 25.8844 

8.7503 

621 

385641 

239483061 24.9199 

8.5316 

671 

450241 

3O2III7II 25.9037 

87547 

622 

386884 

240641848 24.9399 

8.5362 

672 

451584 

303464448 25.9230 

8.7590 

623 

388129 

241804367 24.9600 

8.5408 

673 

452929 

304821217 25.9422 

87634 

624 

389376 

242970624 24.9800 

8 5453 

674 

454276 

306182024 25.9615 

8.7677 

625 

390625 

244140625 25.0000 

8 5499 

675 

455625 

307546875 25.9808 

8.7711 

626 

391876 

24531437^’ 25.0200 

8.5544 

676 

456976 

308915776 26.0000 

8.7764 

627 

393129 

246491883 25.0400 

8 5590 

677 

458329 

310288733 26.0192 

8.7807 

628 

394384 

247673152 25.0599 

8.5635 

678 

459684 

311665752 26.0384 

8 7850 

629 

395641 

248858189 25.0799 

8.5681 

679 

461041 

313046839 26.0576 

8.7893 

630 

396900 

250047000 25.0998 

8.5726 

680 

462400 

314432000 26.0768 

8-7937 

631 

398161 

251239591 25.1197 

8.5772 

681 

463761 

315821241 26.0^ 

8.7980 

632 

399424 

252435968 25.1396 

8.5817 

682 

465124 

317214568 26.1151 

8.8^3 

633 

400689 

253636137 25-1595 

8.5862 

683 

466489 

318611987 26.1343 

8.8066 

634 

401956 

254840104 25.1794 

8.5907 

684 

467856 

320013504 26.1534 

8.8109 

635 

403225 

256047875 25.1992 

8 5952 

685 

469225 

321419125 26.1725 

8.8152 

636 

404496 

257259456 25.2190 1 

8-5997 

686 

470596 

322828856 26.1916 

8.8194 

637 

405769 

258474853 25.2389 

8 6043 

687 

471969 

324242703 26.2107 

8.8237 

638 

407044 ' 

259694072 25 2587 

86088 

688 

473344 

325660672 26.2298 

8.8280 

639 

408321 

260917119 25.2784 

8 6132 

689 

474721 

327082769 26.2488 

8.8323 

640 

409600 

262144000 25.29S2 

86177 

690 

476100 

328509000 26.2679 

8.8366 

641 

410881 

263374721 25.3180 

8.6222 

691 

477481 

329939371 26.2869 

8.8408 

642 

412164 

264609288 25.3377 

8.6267 

692 

478864 

331373888 26.3059 

8.8451 

643 

413449 

265847707 25.3574 

8.6312 

693 

480249 

332812557 26.3249 

8.8493 

644 

414736 

267089984 25.3772 

8.6357 

694 

481636 

334155384 16.3439 

8.8536 

64s 

416025 

268336125 25 3969 

8.6401 

^5 

483025 

335701375 163629 

8.8578 

646 

417316 

269586136 25 4165 

8.6446 


48441^ 

337153536 26.3818 

88621 

647 

418609 

270840023 25 4362 

8 6490 

697 

485809 

338608873 264008 

8.8663 

648 

419904 

272097792 25.4558 

86535 

698 

487204 

340068392 26.4197 

88706 

649 

421201 

273359449 25.4755 

8.6579 

699 

488601 

341531099 16.4386 

8.8748 


813 




TABLE 176. — Continued, 


Squares, Cubes, Square Roots and Cube Roots of Numbers from 700 to 799. 


No. 

Square. 

Cube. 

Sq. Root. 

Cu. Root. 

No. 

Square. 

Cube. 

Sq. Root. 

Cu. Root. 

700 

490cxx> 

343000000 

26.4575 

8.8790 

750 

562500 

421875000 

27.3861 

9.0856 

701 

491461 

344472101 

26 4764 

8.8833 

751 

564001 

423564751 

27.4044 

9.0896 

f 70Z 

4Q2804. 

345948408 

26.4953 

8.887s 

752 . 

565504 

425259008 

27.4226 

9.0937 

703 

494209 

347428927 

26.5141 

8.8917 

753 

567009 

42^57777 

27.4408 

9-0977 

704 

4 . 9 '; 6 i 6 

348913664 

26.5330 

8,8959 

754 

568516 

428661064 

27.4591 

9.1017 

705 

497025 

350402625 

26.5518 

8.9001 

755 

570025 

430368875 

27-4773 

9.1057 

706 

498436 

351895816 

26.5707 

8.9043 

756 

571536 

432081216 

27-4955 

9.109*8 

707 

499849 

353393243 

26.5895 

8.9085 

757 

573049 

433798093 

27.5136 

9-1138 

708 

501264 

354894912 

26.1^83 

8.9127 

758 

574564 

4355I95I2 

27.5318 

9.1178 

709 

502681 

356400829 

26.6271 

8.9169 

759 

576081 

437245479 

27-5500 

9.1218 

710 

504100 

357911000 

26.6458 

8.9211 

760 

577600 

438976000 

27.5681 

9.1258 

711 

505521 

359425431 

26.6646 

8.9253 

761 

579121 

440711081 

27.5862 

9.1298 

712 

506944 

36094412S 

26.6S33 

8.9295 

762 

580644 

442450728 

27.6043 

9.1338 

713 

508369 

362467097 

26.7021 

8-9337 

763 

5821^ 

444194947 

27.6225 

9.1378 

714 

509796 

363994344 

26.7208 

8.9373 

764 

583696 

445943744 

27.6405 

9.1418 

715 

511225 

36552587; 

26.7395 

8.9420 

765 

585225 

447697125 

27.6586 

9.1458 

716 

512656 

367061696 

26.7582 

8.9462 

766 

586756 

449455096 

27.6767 

9.1498 

717 

514089 

368601813 

26.7769 

8.9503 

767 

588289 

451217663 

27.6948 

91537 

718 

515524 

370146232 

26.7955 

8.9545 

768 

589824 

452984832 

27.7128 

9-1577 

719 

516961 

371694959 

26.8142 

8.9587 

769 

591361 

454756609 

27.7308 

9.1617 

720 

518400 

373248000 

26.8328 

8.9628 

770 

592900 

456533000 

27.7489 

9-1657 

721 

519841 

374805361 

26.8514 

8.^70 

771 

594441 

458314011 

27.7669 

9.1696 

722 

521284 

376367048 

26,8701 

8.9711 

772 

595984 

460099648 

27.7849 

9-1736 

723 

522319 

377933067 

26.8887 

8.9752 

773 

597529 

461889917 

27.8029 

9 -I 77 S 

724 

524176 

379503424 

26.9072 

8.9794 

774 

599076 

463684824 

27.8209 

9.1815 

725 

525625 

381078125 

26.9258 

8.9835 

775 

600625 

465484375 

27.8388 

9.1855 

726 

527076 

382657176 

26.9444 

8.9876 

776 

602176 

467288576 

27.8568 

9.1894 

727 

528529 

381240583 

26.9629 

8.9918 

777 

603729 

469097433 

27.8747 

9-1933 

728 

529984 

385828352 

26.9815 

8.9959 

778 

605284 

470910952 

27.8927 

9-1973 

729 

S 3 H 41 

387420489 

27.0000 

9.0000 

779 

606841 

472729139 

27.9106 

9.2012 

730 

■532900 

389017000 

27.0185 

9.0041 

780 

608400 

474552000 

27.9285 

9.2052 

7^1 

534361 

390617891 

27.0370 

9,0082 

781 

609961 

476379541 

27.9464 

9.2091 

r 32 

5358*4 

392223168 

27.0555 

9 0123 

782 

611524 

478211768 

27.9643 

9.2130 

733 

537289 

393832837 

27.0740 

9.0164 

783 

613089 

480048687 

27.9821 

9.2170 

734 , 

538756 

395446904 

27.0924 

9.0205 

784 

614656 

481890304 

28.0000 

9.2209 

r 55 

540225 

397065375 

27.1109 

9,0246 

785 

616225 

483736625 

28.0179 

9.2248 


541696 

398688256 

27.1293 

9.0287 

786 

617796 

485587656 

28.0357 

9.2287 

737 

543169 

400315553 

27.1477 

9.0328 

787 

619369 

487443403 

28.0535 

9.2326 

738 

544644 

401947272 

27.1662 

9.0369 

788 

620944 

489303872 

28.0713 

92365 

73 ^' 

" 546121 

403583419 

27.1846 

9.0410 

789 

622521 

491169069 

28.0891 

9.2404 


547600 

405224000 

27.2029 

9.0450 

790 

624100 

493039000 

28.1069 

9.2443 


549081 

40686^21 

27.2213 

9.0491 

791 

625681 

494913671 

28 1247 

9.2482 

74a 

. 550564 

40851^488 

272397 

9.0532 

792 

627264 

496793088 

28.1425 

9.2521 


552049 

410172407 

27.2580 

9.0572 

793 

628849 

498677257 

28.1603 

9.2560 

734 - 

553536 

411830784 

27.2764 

9.0613 

794 

630436 

500366184 

28.1780 

9-2599 

74 i; 

; 535025 

413493625 

27.2947 

9.0654 

795 

632025 

502459875 

28.1957 

9.2638 


" 556516 

415160936 

27.3130 

9.0694 

796 

633616 

504358336 

28.213s 

9.2677 

I 4 fl 

558009 

416832723 

27.3313 

9-0735 

797 

635209 

506261573 

28.2312 

9.2716 


: 5595?+ 

418508992 

27.3496 

9-0775 

798 

636804 

508169592 

28.2489 

9-2754 


561^ > 

4261^49 

27.3679 

9.08^16 

799 

638401 

510082399 

28.2666 

9.2793 
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TABLE 176. — Continued, 


Squares, Cubes, Square Roots and Cube Roots of Numbers from 5oo to 


No. 

Square. 

Cube. 

Sq. Root. 

Cu. Root. 

No. 

Square. 

Cube. 

Sq. Root. 

Cu. Root. ' 

800 

640000 

512000000 

28.2843 

9.2832 

850 

722500 

314125000 

29.154s.' 


801 

641601 

513922401 

28.3019 

9.2870 

851 

724201 

S16295051 

29.1719 

9.47&P 

802 

643204 

515849608 

28.3196 

9.2909 

852 

725904 ( 

3 I 8470208 

29.1890 

9.4801 

803 

644809 

517781627 

28.3373 

9.2948 

853 

727609 

S20650477 

29.2062 

9.4838 

804 

646416 

519718464 

28.3549 

9.2986 

854 

729316 

S22835864 

29.2233 

9-4875 

805 

648025 

521660125 

28.3725 

9.3025 

855 

731025 

S25026375 

29.2404 

9.4912 

806 

649636 

523606616 

28.3901 

9.3063 

856 

732736 

627222016 

29.2575 

9.4949 

807 

651249 

525557943 

28.4077 

9.3102 

857 

734449 

629422793 

29.2746 

9.4986 

808 

652864 

527514112 

28.4253 

9.3140 

858 

736164 

631628712 

29.2916 

9 - 5 'S *3 

809 

654481 

529475129 

28.4429 

9.3179 

859 

737881 

633839779 

29.3087 

9.5060 

810 

656100 

531441000 

28.4605 

9.3217 

860 

739600 

636056000 

29.3258 

9.5097 

811 

657721 

533411731 

28.4781 

9.3255 

861 

741321 

638277381 

29.3428' ; 

9.5134 

812 

659344 

535387328 

28.4956 

9.3294 

862 

743044 

640503928 

29.3598- . 

9.5171 

813 

660969 

337367797 

28.5132 

9.3332 

863 

744769 

64*735647 

*9.3769. 

9.5207 

814 

662596 

539353144 

28.5307 

9.3370 

864 

746496 

64497*544 

29.3939 

9.5244 

81S 

664225 

541343375 

28.5482 

9.3408 

865 

748225 

647214625 

29.41C9 

9.5281 

816 

665856 

343338496 

28 5657 

9-3447 

866 

749956 

649461896 

29.4279 ' 

9.5317 

817 

667489 

545338513 

28.5852 

9.3485 

867 

751689 

651714363 

29.4449 

9.5354 

818 

669124 

547343432 

28.6007 

9.3523 

868 

753424 

653972032 

29.4618 

9.5391 

819 

670761 

549353259 

28.6182 

9.3561 

869 

755161 

656234909 

29.4788 

9-5427 

820 

672400 

551368000 

28.6356 

9-3599 

870 

756900 

658503000 

29.4958 

9.5464 

821 

674041 

553387661 

28.6531 

93637 

871 

758641 

6607763 1 1 

29.5127 

9.5501. 

822 

675684 

553412248 

28.6705 

93675 

872 

760384 

663054848 

29.5296 

9-5537 

823 

677329 

557441767 

28.6880 

9.3713 

873 

762129 

665338617 

29.5466 

9.55741 

824 

678976 

5594762241 

28.7054 

9.3751 

874 

763876 

667627624 

29.5635 

9.5^10 

825 

680625 

561315623 

28 7228 

9.3789 

875 

765625 

66^21875 

29.5804 

9.5647 

826 

682276 

363539976 

28.7402 

9.3827 

876 

767376 

672221376 

29.5973 

9.5683 

827 

683929 

565609283 

28.7576 

9.3865 

877 

769129 

674526133 

29.6142 

9.5719 

828 

685584 

567663552 

28.7750 

9.3902 

878 

770884 

676836152 

29.63 1 1 

9 - 575 ^ 

829 I 

687241 

569722789 

28.7924 

9.3940 

1 

879 

772641 

679151439 

29,6479 

9 - 579 * 

830 

688900 

571787000 

28.8097 

9.3978 

880 

774400 

681472000 

29.6648 

9.58*8 

831 

690561 

573856191 

28.8271 

9.4016 

881 

776161 

683797841 

29.6816 

9.586s ; 

832 

692224 

575930368 

28.8444 

9.4053 

882 

7779*4 

686128968 

29.6985 

9.5901 

833 

693889 

578009537 

28.8617 

9.4091 

883 

779689 

688465387 

29.7153 

9-5937 

834 

695556 

580093704 

28.8791 

9.4129 

884 

781456 

690807104 

29.7321 

9-5973 

835 

697225 

582182875 

28.8964 

9.4166 

885 

783225 

693154125 

29.7489 

9.6010 

836 

698896 

584277056 

28.9137 

9.4204 

886 

784996 

695506456 

29.7658 

9.6046 

837 

700569 

586376253 

28.9310 

9.4241 

887 

786769 

697864103 

29 7825 

9.6082 

838 

702244 

588480472 

28.9482 

9.4279 

888 

788544 

700227072 

29.7993 

9.6118 

839 

703921 

590589719 

1 28.9655 

9.4316 

889 

7903*1 

702595369 

29.8161 

9.6154 

840 

705600 

592704000 

> 28.9828 

9.4354 

890 

792100 

704969000 

29.8329 

9.6190 

841 

707281 

594823321 

29.0000 

9.4391 

891 

793881 

707347971 

29.8496 

9.6226 

842 

708964 

596947688 

! 29.0172 

9.4429 

892 

795664 

709732288 

29.86^ 

9.6262 

843 

710649 

599077107 

' 29.034s 

9.4466 

893 

797449 

712121957 

29.8831 

9.6298 

844 

712336 

601211584 

• 29.0517 

9.4503 

894 

799236 

714516984 

29.8998 

9.6334 

84s 

714025 

603351123 

; 29.0689 

9.4541 

895 

801025 

716917375 

29.9166 

96370 

846 

715716 

605495736 

> 29.0861 

9.4578 

8^ 

802816 

719323136 

1 29.9333 

9.6406 

847 

717409 

607645423 

1 29.1033 

9.4615 

897 

804609 

721734273 

29.9500 

9.644* 

848 

719104 

609800192 

; 29.1204 

9.4652 

898 

806404 

724150792 

, 29.9666 

9-6477 

849 

i 

720801 

61 1960045 

> 29.1376 

9.4690 

899 

808201 

726572699 

1 29,9833 

9-6513 
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TABLE 176. — Continued, 

Squares, Cubes, Square Rcx)ts and Cube Roots of Numbers from 900 to 999. 


No. 

Square. Cube. ^ 

Sq. Root. 

Cu. Root. 


900 810000 729000000 30.0000 9.6549 

901 81 1801 731432701 30.0167 9*6585 

902 813604 733870808 30*0333 9*6620 

903 815409 736314327 30.0500 9.6656 

904 817216 738763264 30.0666 9.6692 

905 819025 741217625 30.0832 9.6727 

906 820836 743677416 30.0998 9.6763 

907 822649 746142643 30.1164 9*6799 

908 824464 748613312 30.1330 9.6834 

909 826281 751089429 30.1496 9.6870 

910 828100 753571000 30.1662 9.6905 

911 829921 756058031 30.1828 9.6941 

912 831744 758550528 30.1993 9*6976 

913 833569 761048497 30.2159 9*7012 

914 835396 763551944 30.2324 9*7047 

915 837225 766060875 30.2490 9.7082 

916 839056 768575296 30.2655 9.7118 

917 840889 771095213 30.2820 9.7153 

918 842724 773620632 30.2985 9.7188 

919 844561 776151559 30.3150 9*7224 


No. Square. Cube. Sq. Root. Cu. Root. 


950 902500 857375000 30.8221 9.8305 

951 904401 860085351 30.8383 9*8339 

952 906304 862801408 30.8545 9.8374 

953 908209 865523177 30.8707 9.8408 

954 910116 868250664 30.8869 9.8443 

955 912025 870983875 30.9031 9.8477 

956 913936 873722816 30.9192 9.8511 

957 915849 876467493 30.9354 9.8546 

958 917764 879217912 30.9516 9.8580 

959 919681 881974079 30.9677 9.8614 

960 921600 884736000 30.9839 9.8648 

923521 887503681 31.0000 9.8683 

962 925444 890277128 31.0161 9.8717 

^3 9273<^ 893056347 31.0322 9.8751 

964 929296 895841344 31.0483 9*8785 

965 931225 898632125 31.0644 9.8819 

966 953156 901428696 31.0805 9.8854 

967 935089 904231063 31.0966 9.8888 

968 937024 907039232 31.1127 9.8922 

969 938961 909853209 31.1288 9.8956 

970 940900 912673000 31.1448 9.8990 

971 942841 915498611 31.1609 9.9024 

972 944784 918330048 31.1769 9.9058 

973 946729 921167317 31.1929 9.9092 

974 948676 924010424 31.2090 9.9126 

975 950625 926859375 31.2250 9.9160 

976 952576 929714176 31*2410 9.9194 

977 954529 932574833 31*2570 9*9227 

978 . 9 c ;6484 935441352 31*2730 9*9261 

979 958441 938313739 31*2890 9.9295 

980 960400 941192000 31.3050 9.9329 

981 962361 944076141 31.3209 9.9363 

982 964324 946966168 31.3369 9.9396 

983 966289 949862087 31.3528 9.9430 

984 968256 952763904 31.3688 9.9464 

985 970225 955671625 31.3847 9.9497 

986 972196 958585256 31.4006 9.9531 

987 974169 961504803 31.4166 9.9565 

988 976144 964430272 31*4325 9*9598 

989 978121 967361669 31.4484 9.9632 

990 980100 970299000 31.4643 9.9666 

991 982081 973242271 31.4802 9*9699 

992 984064 976191488 31.4960 9*9733 

993 986049 979146657 31*5119 9*9766 

994 988036 982107784 31.5278 9.9800 

995 990025 985074875 31*5436 9*9833 

996 992016 988047936 31.5595 9*9866 


920 846400 778688000 30.3315 9.7259 

921 848241 781229961 30.3480 9.7294 

922 850084 783777448 30*3645 9*7329 

923 851929 786330467 30.3809 9*7364 

924 853776 788889024 30.3974 9.7400 

925 855625 791453125 30.4138 9*7435 

926 857476 794022776 30,4302 9.7470 

927 859329 796597983 30.4467 9*7505 

928 861184 799178752 30.4631 9.7540 

929 863041 801765089 30.4795 9*7575 


930 864900 804357000 30.4959 9.7610 

931 866761 806954491 30.5123 9*7645 

932 868624 809557568 30.5287 9.7680 

933 870489 812166237 30.5450 9*7715 

934 872356 814780504 30.5614 9*7750 

935 874225 817400375 30.5778 9*7785 

936 876096 820025856 30.5941 9.7819 

937 877969 822656953 30.6105 9.7854 

938 879844 825293672 30,6268 9.7889 

939 881721 827936019 30.6431 9.7924 


940 883600 830584000 30.6594 9.7959 

941 885481 833237621 30.6757 9.7993 

942 887364 835896888 30.6920 9.8028 

943 889249 838561807 30.7083 9.8063 

944 891136 841232384 30.7246 9.8097 

945 893025 843908625 30.7409 9.8132 

946 894916 846590536 30.7571 9.8167 


947 896809 849278123 30.7734 9*8201 997 994009 991026973 31*5753 9*9900 

948 898704 851971392 30.7896 9.8236 998 996004 994011992 31*5911 9*9933 

949 900(^1 854670349 30.8058 9.8270 999 998001 997002999 31.6070 9*9967 
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